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(57) ABSTRACT

Disclosed is a moving robot including: a travel unit config-
ured to move a body; an image acquisition unit configured
to acquire a surrounding image of the body; a sensor unit
having one or more sensors configured to detect an obstacle
while the body moves; a controller configured to: upon
detection of an obstacle by the sensor unit, recognize an
attribute of the obstacle based on an image acquired by the
image acquisition unit, and control driving of the travel unit
based on the attribute of the obstacle; and a sound output
unit configured to: output preset sound when the recognized
attribute of the obstacle indicates a movable obstacle.
Accordingly, the moving robot improves stability, user con-
venience, driving efficiency, and cleaning efficiency.
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1
MOVING ROBOT AND CONTROL METHOD
THEREOF

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

This application is a U.S. National Stage Application
under 35 U.S.C. § 371 of PCT Application No. PCT/
KR2017/013274, filed Nov. 21, 2017, which claims priority
to Korean Patent Application No. 10-2016-0157552, filed
Nov. 24, 2016, whose entire disclosures are hereby incor-
porated by reference.

FIELD OF THE INVENTION

The present invention relates to a moving robot and a
control method thereof, and more particularly, to a moving
robot and a control method thereof, the moving robot which
is able to recognize an obstacle, such as a movable obstacle,
and performs avoidance driving.

DESCRIPTION OF THE RELATED ART

In general, robots have been developed for industrial use
and taken charge of a part of factory automation. In recent
years, robot application fields have been further expanded,
and medical robots, acrospace robots, and the like have been
developed, and household robots that can be used at homes
have been also made. Among those robots, there is a moving
robot which is capable of travelling autonomously.

A representative example of the household robot is a robot
cleaner, which is a type of electronic device for sucking and
cleaning surrounding dust and foreign substances while
traveling a specific area by itself.

The moving robot is capable of freely moving by itself
and performing avoidance driving using a plurality of sen-
sors to avoid obstacles.

Generally, the moving robot utilizes an infrared sensor or
an ultrasonic sensor to detect an obstacle. The infrared
sensor determines the presence of the obstacle and a distance
thereto based on an amount of light reflected from the
obstacle and a time taken to receive the reflected light. The
ultrasonic sensor emits ultrasonic waves, and, if there is an
ultrasonic wave reflected by an obstacle, the ultrasonic
sensor determines a distance to the obstacle based on a time
difference between when the ultrasonic wave is emitted and
when the reflected ultrasonic wave is received.

Meanwhile, recognition and avoidance of an obstacle
greatly affect not just driving performance but also cleaning
performance of the moving robot, and thus, it is required to
secure a decent obstacle recognition confidence.

An existing technology (Korean Patent No. 10-0669892)
discloses a technology for recognizing an obstacle at a high
reliability by combining an infrared sensor and an ultrasonic
sensor.

However, this existing technology (Korean Patent No.
10-0669892) cannot determine an attribute of an obstacle.

FIG. 1 is a diagram illustrating a method of detecting and
avoiding an obstacle by an existing moving robot.

Referring to FIG. 1, a robot vacuum cleaner performs
cleaning by sucks dusts and foreign substances while mov-
ing (S11).

An ultrasonic sensor detects an ultrasonic signal reflected
by an obstacle and recognizes the presence of the obstacle
(812), and then whether or not a height of the obstacle is low
enough for the cleaner to go over is determined (S13).
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If it is determined that the obstacle is low enough for the
robot vacuum cleaner to go over, the robot vacuum cleaner
travels forward in straight (S14). If not, the robot vacuum
cleaner may rotate by 90° (S15) and travel.

For example, if the obstacle is a low step, the robot
vacuum cleaner recognizes the step and, if it is possible to
go over the step, it goes over the step and keeps traveling.

However, if an obstacle considered for the robot vacuum
cleaner to go over is a wire, the robot vacuum cleaner may
be caught and constrained by the wire when travelling.

In addition, because a fan base has a height similar to or
lower than a height of the step, it may be determined for the
robot vacuum cleaner to go over. In this case, the robot
vacuum cleaner may manage to climb the fan base but, at
some point, wheels thereof may keep spinning without any
traction.

In addition, if a movable obstacle, such as a human and a
pet, moves, the obstacle may collide with the robot vacuum
cleaner during avoidance driving of the robot vacuum
cleaner.

In addition, the robot vacuum cleaner may move follow-
ing a user who notices the movement of the robot vacuum
cleaner and tries to avoid it, and therefore, the robot vacuum
cleaner may disturb a user.

Thus, there is a need for a technology of identifying an
attribute of an obstacle ahead and changing a moving pattern
based on the attribute.

Meanwhile, artificial intelligence and machine learning,
such as deep learning, are attracting more and more atten-
tions.

Machine learning is a field of artificial intelligence, by
which a computer learns data and performs a task, such as
prediction and classification, based on the learned data.

The most famous definition of the machine learning is
made by Tom M. Mitchell: “A computer program is said to
learn from experience E with respect to some task T and
some performance measure P if its performance on T, as
measured by P, improves with experience E.” That is,
machine learning is to improve performance through expe-
rience E with respect to some task T.

Existing machine learning is mainly about classification,
regression, and clustering models. In particular, in the case
of map learning in regression, a user needs to define char-
acteristics of learning data and a learning model for distin-
guishing new data based on the defined characteristics.

Meanwhile, deep learning technologies different existing
machine learning has been recently developed. Deep learn-
ing is an artificial intelligent technology which allows a
computer to learn itself based on Artificial Neural Networks
(ANN). That is, deep learning is a technology by which a
computer is able to discover and determine its characteristics
by itself.

One of the triggers that accelerate the development of
deep learning is a deep learning framework which is pro-
vided as an open source. For example, examples of the deep
learning framework include: Theano from University of
Montreal in Canada, Torch from New York University in the
U.S.; Caffe from University of Buckley in California; and
TensorFlow from Google.

As deep learning frameworks are made in public, it has
become more important to use which learning process,
which learning method, and which data extracted and
selected for learning, for the sake of efficient learning and
recognition.

In addition, efforts are being made to apply artificial
intelligence and machine learning to various products and
services.
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TECHNICAL FIELD

An object of the present invention is to provide a moving
robot and a control method, the moving robot which is able
to determine an attribute of an obstacle and adjust a driving
pattern based on the attribute so that it is possible to
recognize the obstacle and perform avoidance driving at a
high confidence.

Another object of the present invention is to provide a
moving robot and a control method, the moving robot which
is able to acquire image data to increase accuracy in recog-
nition of obstacle attribute.

Another object of the present invention is to provide a
moving robot and a control method, the moving robot which
performs operations, such as travelling forward, travelling
backwards, stopping, and making a detour, according to a
result of recognition of an obstacle, thereby enhance the
moving robot’s stability and user convenience and improv-
ing driving efficiency, and cleaning efficiency.

Another object of the present invention is to provide a
moving robot and a control method, the moving robot which
is able to accurately recognize an attribute of an obstacle
based on machine learning.

Another object of the present invention is to provide a
moving robot and a control method, the moving robot which
is able to perform machine learning efficiently and extract
data used for recognition of obstacle attribute.

TECHNICAL SOLUTION

In one general aspect of the present invention, there is
provided a moving robot including: a travel unit configured
to move a body; an image acquisition unit configured to
acquire a surrounding image of the body; a sensor unit
having one or more sensors configured to detect an obstacle
while the body moves; a controller configured to: upon
detection of an obstacle by the sensor unit, recognize an
attribute of the obstacle based on an image acquired by the
image acquisition unit, and control driving of the travel unit
based on the attribute of the obstacle; and a sound output
unit configured to: output preset sound when the recognized
attribute of the obstacle indicates a movable obstacle.
Accordingly, the moving robot improves stability, user con-
venience, driving efficiency, and cleaning efficiency.

In another general aspect of the present invention, there is
provided a control method of a moving robot, the method
including: detecting, by a sensor unit, an obstacle while a
body of the moving robot moves; upon detection of an
obstacle by the sensor unit, recognize an attribute of the
obstacle based on an image acquired by an image acquisition
unit; when the attribute of the obstacle indicates a movable
obstacle, outputting preset sound; and controlling driving of
a travel unit based on the attribute of the obstacle.

ADVANTAGEOUS EFFECTS

According to an embodiment of the present invention, a
moving robot may determine an attribute of an obstacle and
adjust a driving pattern according to the attribute, thereby
enabled to perform an obstacle recognizing operation and an
avoidance driving operation at a high confidence.

In addition, according to at least one embodiment of the
present invention, it is possible to acquire image data which
increases accuracy of recognition of obstacle attribute.

In addition, according to at least one embodiment of the
present invention, there may be provided a moving robot and
a control method thereof, the moving robot which performs
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operations, such as travelling forward, travelling backwards,
stopping, and making a detour, according to a result of
recognition of an obstacle, thereby enhance the moving
robot’s stability and user convenience and improving driv-
ing efficiency, and cleaning efficiency.

In addition, according to at least one embodiment of the
present invention, there may be provided a moving robot and
a control method thereof, the moving robot which is able to
accurately recognize an attribute of an obstacle based on
machine learning.

In addition, according to at least one embodiment of the
present invention, a moving robot is able to perform
machine learning efficiently and extract data for recognition
of an obstacle attribute.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a method of detecting and
avoiding an obstacle by an existing moving robot.

FIG. 2 is a perspective view of a moving robot and a
charging base according to an embodiment of the present
invention.

FIG. 3 is a diagram illustrating the top part of the moving
robot shown in FIG. 2.

FIG. 4 illustrates the front part of the moving robot shown
in FIG. 2.

FIG. 5 illustrates the bottom part of the moving robot
shown in FIG. 2.

FIG. 6 is a block diagram illustrating a control relation-
ship between main elements of a moving robot according to
an embodiment of the present invention.

FIG. 7 is a schematic block diagram illustrating a server
according to an embodiment of the present invention.

FIG. 8 is a diagram illustrating an operation method of a
moving robot and a server according to an embodiment of
the present invention.

FIGS. 9 to 11 are diagram for explaining deep learning.

FIGS. 12 and 13 are diagrams for explaining obstacle
recognition.

FIG. 14 is a perspective view of a moving robot according
to an embodiment of the present invention.

FIG. 15 is a front view and a side view of an obstacle
detection sensor of the moving robot shown in FIG. 14.

FIGS. 16 to 18 are diagrams for explaining operation of
an obstacle detection sensor of the moving robot shown in
FIG. 14.

FIGS. 19 and 20 are diagrams illustrating an obstacle
detection sensor unit of a moving robot according to an
embodiment of the present invention.

FIG. 21 is a diagram for explaining a principle of how the
sensor unit shown in FIGS. 19 and 20 detects an obstacle in
a detection range.

FIG. 22 is a flowchart illustrating a control method of a
moving robot according to an embodiment of the present
invention.

FIG. 23 is a flowchart illustrating a control method of a
moving robot according to an embodiment of the present
invention.

FIGS. 24 to 32 are diagrams for explaining a control
method of a moving robot according to an embodiment of
the present invention.

DETAILED DESCRIPTION

Hereinafter, exemplary embodiments according to the
present disclosure will now be described in detail with
reference to the accompanying drawings. While the inven-
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tion will be described in conjunction with exemplary
embodiments, it will be understood that the present descrip-
tion is not intended to limit the invention to the exemplary
embodiments.

In the drawings, in order to clearly and briefly describe the
invention, parts which are not related to the description will
be omitted and, in order to more clearly describe the
invention, thicknesses, areas, etc. of elements are enlarged
or reduced and thus the thicknesses, areas, etc. of the
elements are not limited to the drawings.

Meanwhile, the suffixes “module” and “part” of elements
used in the description below are assigned or used only in
consideration of the ease of writing the specification and do
not have meanings or roles distinguished from each other
and can be used exchangeable.

A moving robot 100 according to an embodiment of the
present invention means a robot capable of moving by itself
using a wheel or the like, and examples of the moving robot
100 may include an assistant robot and a cleaning robot.
With reference to the drawings, a cleaning robot having a
cleaning function will be described as an example of the
moving robot 100. However, the present invention is not
limited thereto.

FIG. 2 is a perspective view of a moving robot and a
charging base according to an embodiment of the present
invention.

FIG. 3 is a diagram illustrating the top part of the moving
robot shown in FIG. 2, FIG. 4 illustrates the front part of the
moving robot shown in FIG. 2, and FIG. 5 illustrates the
bottom part of the moving robot shown in FIG. 2.

FIG. 6 is a block diagram illustrating a control relation-
ship between main elements of a moving robot according to
an embodiment of the present invention.

Referring to FIGS. 2 to 6, the moving robot 100 includes
a body 110, and an image acquisition unit 120, 120q, and
1204 for acquiring a surrounding image of the body 110.

Hereinafter, each part of the body 100 is defined in the
following manner: a part of the body 110 toward the ceiling
of'a driving area is a top part (see FIG. 3); a part of the body
110 toward the bottom of the driving area is a bottom part
(see FIG. 5); and a part defining the circumference of the
body 110 between the top part and the bottom part is a front
part (see FIG. 4).

The moving robot 100 includes a travel unit 160 which
causes the body 110 to move. The travel unit 160 includes
at least one driving wheel 136 which causes the body 110 to
move. The travel unit 160 includes a driving motor (not
shown) which is connected to the driving wheel 136 so as to
rotate the driving wheel 136. The driving wheel 136 may be
provided on both left and right sides of the body 110, and
driving wheels 136 on the left and right sides of the body 110
are hereinafter referred to as a left wheel 1361 and a right
wheel 136R.

The left wheel 1361, and the right wheel 136R may be
driven by a single driving motor. In some embodiments,
there may be provided a left driving motor for driving the
left wheel 1361, and a right driving motor for driving the
right wheel 136R, if necessary. By driving the left wheel
1361, and the right wheel 136R at a different speed of
rotation, it is possible to change a direction of travel of the
body 110.

A suction unit 110% for suctioning air may be formed on
the bottom part of the body 110. The body 110 may include:
a suction port for providing suction force so that air can be
suctioned through the suction port 110/%; and a dust container
(not shown) for storing dusts with the suctioned air.
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The body 110 may include a case 111 which forms a space
where various components of the moving robot 100 are
accommodated. In the case 111, an opening for inserting and
detaching the dust container may be formed and a dust
container cover 112 for opening and covering the opening
may be provided rotatably with respect to the case 111.

A roll-type main brush 134 having bristles exposed to the
outside through the suction hole 110/, and auxiliary brushes
135 located at the front region of the bottom part of the body
110 and including bristles having a plurality of wings
extended radially may be provided. Dust may be removed
from the floor within the driving area by rotation of these
brushes 134 and 135, and dust separated from the floor is
sucked through the suction hole 1104 and collected in the
dust casing.

A Dbattery 138 supplies power required for the overall
operation of the moving robot 100 as well as a driving motor.
When the battery 138 is discharged, the moving robot 100
may travel to return to a charging base 200 so as to recharge
the battery 138. During such returning travel, the moving
robot 100 may autonomously detect the position of the
charging base 200.

The charging base 200 may include a signal transmitting
unit (not shown) for transmitting a predetermined return
signal. The return signal may be an ultrasonic signal or an
infrared signal, but aspects of the present invention are not
limited thereto.

The moving robot may include a signal detection unit (not
shown) for receiving a return signal. The charging base 200
may transmit an infrared signal through the signal transmis-
sion unit, and the signal detection unit may include an
infrared sensor which detects the infrared signal. The mobile
robot 100 moves to a location of the charging base 200 in
accordance with the infrared signal from the charging base
200, so that the mobile 100 is docked to the charging base
200. Due to such docking, charging is performed between a
charging terminal 133 of the moving robot 100 and a
charging terminal 210 of the charging base 200.

In some embodiments, the moving robot 100 may travel
to return to the charging base 200 in an image-based manner
or a laser-pattern extraction manner.

The moving robot 100 may recognize and extract a
particular pattern formed in the charging base 200 by using
an optical signal from the body 110, so that the moving robot
100 returns back to the charging base 200.

For example, the moving robot 100 according to an
embodiment of the present invention may include a pattern
optic sensor (not shown).

The pattern optic sensor may be provided in the body 110.
The pattern optic sensor may irradiate an optical pattern onto
a driving area of the moving robot 100 and capture an image
of a region, onto which the optical pattern is irradiated, so as
to acquire an input image. For example, the optical pattern
may be a light having a specific pattern, such as a cross
pattern.

Meanwhile, the charging base 200 may include two or
more location marker spaced apart from each other at
predetermined intervals.

A location marker makes a mark in a region to be
distinguished from other regions, when an optical pattern is
irradiated on a surface thereof. Such a maker is created
because the optical pattern irradiated on the surface is
deformed due to a morphological characteristic of the loca-
tion marker or because the surface has a light reflectance
value (or a light absorption value) different from other
regions due to a material property of the location marker
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Alocation marker may include an edge that makes a mark
formed. An optical pattern irradiated on the surface of the
location marker is bent at an angle on the edge, so that a
point can be found as the mark in an input image.

The moving robot 100 may automatically search for a
base station when the battery is running out or when a
charging command is received from a user.

When the moving robot 100 searches for a charging base,
a pattern extraction unit extracts points from an input image,
and a controller 140 acquires location information of the
extracted points. Such location information may include
locations on a three-dimensional (3D) space which is formed
by taking into consideration of distance from the moving
robot 100 to the points.

The controller 140 may calculate actual distance between
the points between the acquired location information of the
points, and compares the actual distance with a preset
reference value. If a difference between the actual distance
and the reference value falls within a predetermined range,
it may be determined that the charging base 200 is found.

In addition, after acquiring a surrounding image using a
camera of the image acquisition unit 120, the moving robot
100 may extract and identify a shape corresponding to the
charging base 200 so as to return to the charging base 200.

In addition, the moving robot 100 may acquire a sur-
rounding image using a camera of the image acquisition unit
120 and identifies a specific optical signal from the charging
base 200 so as to return to the charging base 200.

The image acquisition unit 120 may include a camera
module which captures an image of a driving area. The
camera module may include a digital camera. The digital
camera may include: at least one optical lens; an image
sensor (e.g., a CMOS image sensor) including a plurality of
photodiodes (e.g., pixels) in which an image is formed by a
light passing the optical lens; and a Digital Signal Processor
(DSP) forming an image based on signals output from the
photodiodes. The DSP may generate a still image as well as
a video which consists of frames consisting of still images.

It is desirable that the image acquisition unit 120 includes:
a front camera 120a for acquiring a front image of the body
110; and an upper camera 1205 provided on the top part of
the body 110 to acquire an image of a ceiling of a driving
area. However, a location and a capturing range of the image
acquisition unit 120 are not limited thereto.

In this embodiment, cameras are installed on some por-
tions (e.g., the front, rear, and bottom sides) of a moving
robot, and continuously acquire images during cleaning. A
plurality of such cameras may be installed at each portion for
efficiency in capturing images. An image captured by a
camera may be used to identify a type of substances, such as
a dust, a hair, and a floor, existing in an area, to check
whether cleaning has been done, or to determine a cleaning
time.

The front camera 120a may capture an obstacle existing
in front of the moving robot 100 in a direction of travel, or
may capture a situation of a cleaning area.

According to an embodiment of the present invention, the
image acquisition unit 120 may acquire a plurality of images
by capturing the surroundings of the body 110, and the
plurality of images may be stored in a storage unit 150.

The moving robot 100 may improve accuracy in recog-
nition of an obstacle by using the plurality of images or by
using efficient data which is one or more images selected
from the plurality of images.

In addition, the moving robot 100 may include a sensor
unit 170 including sensors which sense various types of data
related to operation and a state of the moving robot 100.
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For example, the sensor unit 170 may include an obstacle
detection sensor 131 for detecting an obstacle in front of the
moving robot 100. In addition, the sensor unit 170 may
further include: a cliff detection sensor 132 for detecting
whether a cliff exists in the floor of a driving area; and a
button camera sensor 139 for acquiring an image of the floor.

Referring to FIGS. 2 to 4, the obstacle detection sensor
131 may include a plurality of sensors installed on an outer
circumferential surface of the moving robot 100 at a prede-
termined interval.

For example, the sensor unit 170 may include a first
sensor disposed on the front surface of the body 110, and
second and third sensors spaced apart from the first sensor
in the left and right directions.

The obstacle detection sensor 131 may include an infrared
sensor, an ultrasonic sensor, an RF sensor, a terrestrial
magnetism sensor, a Position Sensitive Device (PSD), etc.

Meanwhile, a location and a type of a sensor included in
the obstacle detection sensor 131 may be different depend-
ing on a model of the moving robot 100, and the obstacle
detection sensor 131 may include more various sensors.

The obstacle detection sensor 131 is a sensor which
detects a distance to a wall or an obstacle, and the types of
sensor in the present invention are not limited to the above
examples. In the following, an ultrasonic sensor is described
as an example of the obstacle detection sensor 131, and a
different exemplary obstacle detection method will be
described with reference to FIGS. 14 to 21.

The obstacle detection sensor 131 detects an object,
especially an obstacle, exiting in a direction of travel of the
moving robot 100, and transmits obstacle information to the
controller 140. That is, the obstacle detection sensor 131
may detect a route of the moving robot 100, a protrusion
existing in front of or on one side of the moving robot 100,
a home appliance, furniture, a wall, a wall edge, etc., and
transmit information about the detection to the control unit
140.

At this point, the controller 140 may detect a location of
an obstacle based on at least two signals received from an
ultrasonic sensor, and control movement of the moving
robot 100 based on the detected location of the obstacle.

In some embodiments, the obstacle detection sensor 131
provided on the outer surface of the case 110 may include a
transmitter and a receiver.

For example, an ultrasonic sensor may include at least one
transmitter and at least two receivers crossing each other.
Accordingly, the ultrasonic sensor may irradiate a signal in
any direction and receive a signal, reflected from an
obstacle, in any direction.

In some embodiments, a signal received by the obstacle
detection sensor 131 may go through a signal processing
procedure, such as amplification and filtering, and then the
distance and direction to the obstacle may be calculated.

Meanwhile, the sensor unit 170 may further include an
operation detection sensor, which detects operation of the
moving robot 100 dependent upon driving of the body 110
and outputs operation information. For example, the opera-
tion detection sensor may be a gyro sensor, a wheel sensor,
an acceleration sensor, etc.

When the moving robot 100 moves according to an
operation mode, the gyro sensor senses a direction of
rotation and detects an angle of rotation. The gyro sensor
detects an angular velocity of the moving robot 100 and
outputs a voltage value proportional to the angular velocity.
Using the voltage value output from the gyro sensor, the
control unit 140 calculates a direction of rotation and an
angle of velocity.
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The wheel sensor is connected to the left wheel 136L and
the right wheel 136R to detect the number of rotation of a
wheel. The wheel sensor may be a rotary encoder. The rotary
encoder detects the number of rotation of each of the left
wheel 136L. and the right wheel 136R, and outputs infor-
mation about the number of rotation.

The controller 140 may calculate a speed of rotation of
each of the left wheel 136L. and the right wheels 136R by
using the number of times of rotation thereof. In addition,
the controller 140 may calculate an angle of rotation by
using a difference in the number of times of rotation between
the left wheel 1361 and the right wheel 136R.

The acceleration sensor detects a speed change of the
moving robot 100, which is caused due to starting, stopping,
changing direction, colliding with an obstacle. The accel-
eration sensor may be attached at a location adjacent to a
main wheel or an auxiliary wheel so as to detect a slipping
or idle state of a wheel.

In addition, the acceleration sensor may be embedded in
the controller 140 to detect a speed change of the moving
robot 100. That is, the acceleration sensor detects an impulse
caused by a speed change, and outputs a voltage value
corresponding to the detected impulse. Accordingly, the
acceleration sensor may perform a function of an electronic
bumper.

The controller 140 may calculate a location change of the
moving robot 100 based on operation information output
from the operation detection sensor. Such a location is a
relative location which corresponds to an absolute location
based on image information. Through such recognizing a
relative location, it is possible to improve performance in
recognizing a location based on image information and
obstacle information.

Meanwhile, the moving robot 100 may include a power
supply unit (not shown), which includes the chargeable
battery 138 to supply power to a cleaning robot.

The power supply unit may supply a driving power and an
operating power to each component of the moving robot
100, and may be charged with a charging current received
from the charging base 200 when running out of power.

The moving robot 100 may further include a battery
detection unit (not shown), which detects a charged state of
the battery 138 and transmits a detection result to the
controller 140. The battery 138 is connected to the battery
detection unit, and transmits battery remaining amount and
a battery charged state to the controller 140. The battery
remaining amount may be displayed on a display 182 of an
output unit 180.

In addition, the moving robot 100 includes a manipulation
unit 137 through which on/off commands or various com-
mands are able to be input. Through the manipulation unit
137, the moving robot 100 may receive various control
commands required for overall operation of the moving
robot 100.

In addition, the moving robot 100 may include the output
unit 180 to display reservation information, a battery state,
an operation mode, an operation state, an error state, etc., in
the form of an image or sound.

The output unit 180 may include a sound output unit 181
which outputs an audio signal. Under the control of the
controller 140, the sound output unit 181 may output a
notification message, which indicates an alert sound an
operation mode, an operation state, an error state, etc., in the
form of sound. The sound output unit 181 may convert an
electric signal from the controller 140 into an audio signal,
and output the audio signal. To this end, the sound output
unit 181 may include a speaker or the like.
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In addition, the output unit 180 may further include the
display 182, which displays reservation information, a bat-
tery state, an operation mode, an operation state, an error
state, etc., in the form of an image.

Referring to FIG. 6, the moving robot 100 includes: the
controller 140 for processing and making a determination as
to various types of information, such as recognizing the
current location of the moving robot 100; and the storage
unit 150 for storing the various types of data. In addition, the
moving robot 100 may further include a communication unit
190 for transmitting and receiving data with respect to an
external terminal.

The external terminal may include an application for
controlling the moving robot 100, display a map of an area
which will be cleaned by the moving robot upon execution
of'the application, and designate a specific region on the map
for cleaning. The external terminal may be, for example, a
remote controller, a Personal Digital Assistance (PDA), a
laptop, a smart phone, or a tablet in which an application for
setting a map is installed.

Through communication with the moving robot 100, the
external terminal may display the current location of the
moving robot 100 along with a map, and information about
a plurality of regions. In addition, the external terminal
updates and displays the current location of the moving
robot 100 during travelling of the moving robot 100.

The controller 140 controls overall operation of the mov-
ing robot 100 by controlling the image acquisition unit 120,
the manipulation unit 137, and the travel unit 160 so as to.

The storage unit 150 is a device for storing various types
of information required to control the moving robot 100, and
may include a volatile or non-volatile recording medium. A
recording medium stores data able to be read by a micro-
processor, and may include a Hard Disk Drive (HDD), a
Solid State Disk (SDD), a Silicon Disk Drive (SDD), a
ROM, a RAM, a CD-ROM, a magnet tape, a floppy disk,
and an optical data storage device.

In addition, a map of a driving area may be stored in the
storage unit 150. The map may be received from an external
or a server which is able to exchange information through
wired or wireless communication with the moving robot
100, or may be generated by the moving robot 100.

Locations of rooms in the driving area may be displayed
on the map. In addition, the current location of the moving
robot 100 may be disposed on the map, and the current
location of the moving robot 100 on the map may be updated
during travelling of the moving robot 100. The external
terminal stores a map identical to a map stored in the storage
unit 150.

The storage unit 150 may store cleaning history informa-
tion. The cleaning history information may be generated
each cleaning.

A map of a driving area stored in the storage unit 150 may
be a navigation map used for driving during cleaning, a
Simultaneous Localization And Mapping (SLAM) map used
for location recognition, a learning map which is stored and
learned upon collision with an obstacle and which is used for
cleaning, a global localization map used for global local-
ization recognition, and an obstacle recognition map which
stores information about a recognized obstacle.

Meanwhile, maps stored in the storage unit 150 may be
classified and managed on the basis of usage, as described
above, but the usage of each map may not be distinguished
clearly. For example, a plurality of information items may be
stored in one map so that the map can be used for at least two
purposes. For example, information about a recognized
obstacle may be recorded in a learning map to replace
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obstacle recognition map, and the SLAM map for location
recognition may be used to replace the global localization
map or may be used together with the global localization
map.

The controller 140 may include a driving control module
141, a location recognition module 142, a map generation
module 143, and an obstacle recognition module 144.

Referring to FIGS. 2 to 6, the driving control module 141
is configured to control driving of the moving robot 100, and
controls driving of the travel unit 160 based on driving
settings. In addition, the driving control module 141 may
figure out a driving path of the moving robot 100 based on
operation of the travel unit 160. For example, the driving
control module 141 may figure out the current or previous
speed and a distance of travel of the moving robot 100 based
on rotation speed of the driving wheel 136, and the driving
control module 141 may figure out even the current or
previous process of transition of direction based on a direc-
tion of travel of each driving wheel 136L. or 136R. Based on
driving information of the moving robot 100 acquired as
above, a location of the moving robot 100 may be updated
on a map.

The map generation module 143 may generate a map of
a driving area. The map generation module 143 may process
an image acquired through the image acquisition unit 120 so
as to generate a map. That is, it is possible to generate a
cleaning map corresponding to a cleaning area.

In addition, the map generation module 143 may process
an image acquired from each location through the image
acquisition unit 120 and associate the image with a map so
as to recognize the pose of the moving robot 100.

The location recognition module 142 estimates and rec-
ognizes the current location of the moving robot 100. The
location recognition module 142 recognizes a location of the
moving robot 100 based on image information of the image
acquisition unit 120, and thus, even when the location of the
moving robot 100 is changed all of sudden, the location
recognition module 142 may be able to estimate and recog-
nize the current location of the moving robot 100.

Using the location recognition module 142, the moving
robot 100 is able to recognize its location during continuous
travelling. Using the map generation module 143 and the
obstacle recognition module 144 without the location rec-
ognition module 142, the moving robot 100 is able to learn
a map and estimate the current location of the moving robot
100.

During travelling of the moving robot 100, the image
acquisition unit 120 acquires surrounding images of the
moving robot 100. Hereinafter, the images acquired by the
image acquisition unit 120 are defined as “acquisition
images.”

An acquisition image includes various features, such as a
lighting device on the ceiling, an edge, a corner, a blob, and
a ridge.

The map generation module 143 detects a feature from
each of the acquisition images. In computer vision technolo-
gies, there are well-known feature detection methods for
detecting a feature from an image. There are well-known
feature detectors suitable for detecting such features. For
example, such feature detectors include Canny, Sobel,
Harris&Stephens/Plessey, SUSAN, Shi&Tomasi, Level
curve curvature, FAST, Laplacian of Gaussian, Difference of
Gaussians, Determinant of Hessian, MSER, PCBR, Grey-
level blobs detectors.

The map generation module 143 calculates a descriptor
based on each feature. The map generation module 143 may
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convert a feature into a descriptor using a Scale Invariant
Feature Transform (SIFT) method for feature detection.

Meanwhile, a descriptor is defined as a group of indi-
vidual features existing in a specific space, and may be
expressed in the form of a n-th dimensional vector. For
example, various features, such as an edge, a corner, a blob,
and a ridge in the ceiling, are calculated into respective
descriptors and stored in the storage unit 150.

Based on descriptor information acquired through an
acquisition image of each location, at least one descriptor for
each acquisition image is classified into a plurality of groups
according to a predetermined sub-classification rule, and
descriptors belonging to the same group may be converted
into sub-representative descriptors according to a predeter-
mined sub-representative rule. That is, there may be required
a process in which representative values are designated for
descriptors acquired from each individual image and then
standardized.

The SIFT method makes it possible to detect a feature
which is invariable despite of a change in scale, rotation, and
brightness of an imaging object, and thus, the SIFT method
enables detection of a (rotation-invariant) feature which is
invariable even when the moving robot 100 images the same
area in different positions. However, aspects of the present
invention are not limited thereto, and other various tech-
niques (e.g., Histogram of Oriented Gradient (HOG), Haar
feature, Fems, Local Binary Pattern (LBP), Modified Census
Transform (MCT)) may be applied.

Based on descriptor information acquired from an acqui-
sition image of each location, the map generation module
143 may classify at least one descriptor of each acquisition
image into a plurality of groups according to the predeter-
mined sub-classification rule. The, the map generation mod-
ule 143 may convert descriptors belonging to the same
group into respective sub-representative descriptors accord-
ing to a predetermined sub-representative rule.

In another example, the map generation module 143 may
classify descriptors, collected from acquisition images of a
specific area such as a room, into a plurality of groups
according to a predetermined sub-classification rule, and
may convert descriptors belonging to the same group into
respective representative descriptors according to the pre-
determined sub-representative rule.

In doing so, the map generation module 143 may obtain
feature distribution at each location. The feature location at
each location may be expressed as a histogram or a n-th
dimensional vector. In another example, without using a
predetermined sub-classification rule and a predetermined
sub-representative rule, the map generation module 143 may
estimate an unknown current location based on a descriptor
calculated from each feature.

In addition, when the current location of the moving robot
100 is rendered unknown due to location hopping or the like,
it is possible to estimate the current location of the moving
robot 100 based on data such as a pre-stored descriptor or a
sub-representative descriptor.

The moving robot 100 may acquire an acquisition image
acquired by the image acquisition unit 120 from the
unknown current location. Using the image, various features
are found including lighting devices, an edge, a corner, a
blob, and a ridge in the ceiling.

The location recognition module 142 detects features
from an acquisition image. Various methods for detecting a
feature from an image in computer vision technologies, and
various feature detection devices suitable for detecting fea-
tures are the same as described above.
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The location recognition module 142 calculates a recog-
nition descriptor based on each recognition feature in a
recognition descriptor calculation procedure. The recogni-
tion feature and the recognition descriptor describe a pro-
cedure performed by the location recognition module 142,
and they are used to be distinguished from a procedure
performed by the map generation module 143. However,
these terms are used simply to define features in the outside
of the moving robot 100 with different expressions.

For feature detection, the location recognition module 143
may convert a recognition feature into a recognition descrip-
tor using the SIFT method. The recognition descriptor may
be expressed as a n-th dimensional vector.

The SIFT method is an image recognition method for
selecting a feature easy to distinguish, such as a corner, from
an acquisition image, and calculating a n-th dimensional
vector which is a relevant-dimensional numeric value that
indicates a feature of distribution of brightness gradients of
pixels in a predetermined area nearby each feature point
(that is, a direction in which brightness changes and a degree
of the change).

The location recognition module 142 converts at least one
recognition descriptor information, acquired from an acqui-
sition image of an unknown current location, into location
information (e.g., feature distribution at each location) sub-
ject to comparison and comparable location (e.g., sub-
recognition feature distribution) according to a predeter-
mined sub-conversion rule.

A similarity level of each level may be calculated by
comparing feature distribution at each location with recog-
nition feature distribution at each location according to a
predetermined sub-comparison rule. A similarity level
(probability) is calculated for each location, and a location
having the highest probability may be determined as the
current location.

As such, the controller 140 may generate a map in which
a driving area is defined and which is divided into a plurality
of areas, or may recognize the current location of the body
110 based on a pre-stored map.

When a map is generated, the controller 140 may transmit
the generated map to an external terminal, a server, and the
like through the communication unit 190. In addition, as
described above, the controller 140 may store a map when
the map is received from an external terminal, a server, and
the like.

In addition, when a map is updated during travelling, the
controller 140 may transmit updated information to an
external terminal so that the same map is stored in the
external terminal and the moving robot 100. As the external
terminal and the moving robot 100 are managed to store the
same map, the moving robot 100 is able to clean a desig-
nated area upon a cleaning command from the external
terminal and the external terminal may transmit the current
location of the moving robot 100.

At this point, the map may divide a cleaning area into a
plurality of regions, include a channel connecting the plu-
rality of regions to one another, and store information about
an obstacle within the cleaning area.

When a cleaning command is input, the controller 140
may determine whether the current location of the moving
robot 100 coincide with a location shown on the map. The
cleaning command may be input from a remote control, a
manipulation unit, or an external terminal.

When the current location of the moving robot 100 does
not coincide with a location shown on the map or when it is
not possible to check the current location of the moving
robot 100, the controller 140 may recognize the current
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location and restore the current location of the moving robot
100 and then control the travel unit so that the moving robot
100 moves to a designated region based on the current
location.

When the current location of the moving robot 100 does
not coincide with a location shown in the map or when it is
not possible to check the current location of the moving
robot 100, the location recognition module 142 may esti-
mate the current location of the moving robot 100 based on
the map by analyzing an acquisition image received from the
image acquisition unit 120. In addition, the obstacle recog-
nition module 144 or the map generation module 143 may
recognize the current location of the moving robot 100 in the
same manner as well.

After recognizing the current location and restoring the
current location of the moving robot 100, the driving control
module 141 may calculate a drive path from the current
location to a designation region, and control the travel unit
160 to move to the designation area.

When cleaning pattern information is received from a
server, the driving control module 141 may divide the entire
driving area into a plurality of regions based on the received
cleaning pattern information, and set at least one region as
a designation region.

In addition, the driving control module 141 may calculate
a drive path based on the received cleaning pattern infor-
mation, and perform cleaning by travelling along the drive
path.

When cleaning of the set designated region is complete,
the controller 140 may store cleaning records in the storage
unit 150.

In addition, the controller 140 may transmit an operation
state or a cleaning state of the moving robot 100 at a
predetermined interval to an external terminal or a server
through the communication unit 190.

Accordingly, based on received data, the external terminal
displays a location of the moving robot 100, together with a
map, on the screen of an application being executed, and
outputs information about the cleaning state.

The moving robot 100 according to an embodiment of the
present invention may move in one direction until an
obstacle or a wall is detected. Once the obstacle recognition
module 144 recognizes an obstacle, the moving robot 100
may determine a driving pattern, such as travelling in
straight or rotation, depending on an attribute of the recog-
nized obstacle.

For example, if the attribute of the recognized obstacle
indicates an obstacle which the moving robot 100 is able to
go over, the moving robot 100 may keep travelling in
straight. Alternatively, if the attribute of the recognized
obstacle indicates an obstacle which the moving robot 100
is unable to go over, the moving robot 100 may travel in a
zigzag pattern by rotating, travelling a predetermined dis-
tance, and then travelling again in a direction opposite to the
original moving direction until any obstacle is detected.

Meanwhile, if the attribute of the recognized obstacle
indicate a movable obstacle such as a person and a pet, the
controller 140 may perform a control operation so that the
sound output unit 181 outputs preset sound.

The preset sound may be alert sound or a message for
guiding the movable obstacle to move.

For example, when at least part of a human body, such as
a foot and a hand is recognized, the controller 140 may
control the sound output unit 181 to output a message for
guiding the person to step aside.
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In addition, when a pet such as a dog and a cat is
recognized, the controller 140 may control the sound output
unit 181 to output alert sound so that the pet moves in
response to the sound.

Meanwhile, when the attribute of the recognized obstacle
indicates a movable obstacle, the controller 140 may control
the travel unit 160 so that the body 110 stops being moved.

In addition, the controller 140 may output alert sound or
a message for guiding the movable obstacle to move, and
wait for a particular standby time until the movable obstacle
moves.

In the case where the recognized obstacle is a movable
obstacle, the controller 140 may control the moving robot
100 to travel in different ways depending on whether the
movable obstacle has moved after the particular standby
time.

In this case, when movement of the movable obstacle is
detected for the particular standby time, the controller 140
may perform a control operation so that the previous travel
movement is resumed.

That is, if the movable obstacle moves within the par-
ticular standby time, a constraint to movement of the moving
robot 100 is eliminated, and thus, it is possible to resume
movement in the previous travelling pattern.

If movement of the movable obstacle is not detected
within the particular standby time, the controller 140 may
perform avoidance driving to avoid the movable obstacle.

That is, if the movable obstacle does not move within the
particular standby time, the moving robot may perform
avoidance driving with respect to the obstacle.

Meanwhile, the controller 140 may perform a control
operation so that the body 100 moves forward and backward
repeatedly within a predetermined distance range.

It is desirable that the controller 140 may perform a
control operation so that the body 110 travels forward and
backward repeatedly, as if it gets startled, within the prede-
termined distance range for a particular standby time until
the movable obstacle moves. Accordingly, by the startled
movement of the moving robot 100 as well as a message, a
user may intuitively notice that the moving robot 100 waits
for the user’s movement.

Meanwhile, based on an attribute of a recognized
obstacle, the controller 140 may perform a control operation
so that the avoidance driving is performed in a different
pattern. Depending on an attribute of an obstacle, such as a
non-dangerous obstacle (normal obstacle), a dangerous
obstacle, a movable obstacle, and the like, the controller 140
may perform a control operation that avoidance driving is
performed in a different pattern.

For example, the control unit 140 may perform a control
operation so that the moving robot 100 makes a detour with
a greater safe distance from a dangerous obstacle so as to
travel by detouring around the dangerous obstacle.

In addition, if a movable obstacle does not move even
after a particular standby time, the controller 140 may
perform avoidance driving with respect to a normal obstacle
or avoidance driving with respect to a dangerous obstacle. In
addition, if an avoidance driving pattern with respect to a
movable obstacle is set, the controller 140 may perform a
control operation that the moving robot 100 travels in the
avoidance driving pattern.

The moving robot 100 according to an embodiment of the
present invention may perform obstacle recognition and
avoidance driving based on machine learning.

The controller 140 may include: an obstacle recognition
module 144 which recognizes an obstacle, which is pre-
learned using machine learning, from an input image; and a
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driving control module 141 which controls driving of the
travel unit 160 based on an attribute of the recognized
obstacle.

The moving robot according to an embodiment of the
present invention may include the obstacle recognition mod-
ule 144 which has pre-learned obstacle attributes using
machine learning.

Machine learning is a technique by which a computer can
learn data without a logic indicated by a person so that the
computer is able to solve a problem by itself based on the
data.

Deep learning is a method of teaching a computer a
human thinking way based on Artificial Neural Networks
(ANN) as an attempt to configure artificial intelligence. That
is, deep learning is an artificial intelligence technique by
which a computer can learn on its own without a human’s
help.

The ANN may be implemented as software or as hard-
ware such as a chip.

The obstacle recognition module 144 may include a
software- or hardware-type ANN which has learned obstacle
attributes.

For example, the obstacle recognition module 144 may
include Deep Neural Network (DNN), such as Convolu-
tional Neural Network (CNN), Recurrent Neural Network
(RNN), and Deep Belief Network (DBN), which are trained
using deep learning.

Deep Learning will be described in more detail with
reference to FIGS. 9 to 11.

The obstacle recognition module 144 may determine an
attribute of an obstacle included in input image data, based
on weights between nodes included in the DNN.

Meanwhile, if the sensor unit 170 detects an obstacle
during travelling of the moving robot 100, the controller 140
may perform a control operation so as to extract a partial
region from an image acquired by the image acquisition unit
120 in a direction from which the obstacle is detected by the
sensor 170.

The image acquisition unit 120, especially the front
camera 120a, may acquire an image within a predetermined
angle range in a moving direction of the moving robot 100.

The controller 140 may detect an attribute of an obstacle
existing in a moving direction of the moving robot 100, not
by using the entire image acquired by the image acquisition
unit 120, especially the front camera 1204, but by using only
a partial region of the image.

Referring to FIG. 6, the controller 140 may further
include an image processing module 145 which extracts a
partial region from an image, acquired by the image acqui-
sition unit 120, in a direction from which an obstacle is
detected by the sensor unit 170.

In another example, the moving robot 100 may further
include an additional image processing unit which extracts
a partial region from an image acquired by the image
acquisition unit 120 in a direction from which an obstacle is
detected by the sensor unit 170. In yet another example, the
image acquisition unit 120 may process an image on its own.

Due to its characteristics, the obstacle recognition module
144 which is trained using the machine learning has a high
recognition rate if a learned subject accounts for a greater
portion of input image data.

Thus, the present invention may improve the recognition
rate of the obstacle recognition module 144 by extracting a
different region from an image acquired by the image
acquisition unit 120 according to a direction from which an
obstacle is detected by the sensor unit 170, such as an
ultrasonic sensor.
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The obstacle recognition module 144 may recognize an
obstacle based on data that is pre-learned using machine
learning from an image acquired by the image acquisition
unit 120.

It is more desirable that the obstacle recognition module
144 may recognize an obstacle based on data which is
pre-learned by machine learning from an image extracted
from an image acquired by the image acquisition unit 120.

Meanwhile, the driving control module 141 may control
driving of the travel unit 160 based on an attribute of the
recognized obstacle.

Meanwhile, when the obstacle is detected from the for-
ward right side of the body 110, the controller 140 may
extract a lower right region of an image acquired by the
image acquisition unit 120. When the obstacle is detected
from the forward left side of the body 110, the controller 140
may extract a lower left region of an image acquired by the
image acquisition unit 120. When the obstacle is detected
from the front side of the body 110, the controller 140 may
extract a lower center region of an image acquired by the
image acquisition unit 120.

In addition, the controller 140 may perform a control
operation so as to shift and extract a target region from an
image, acquired by the image acquisition unit 12, in a
direction from which the obstacle is detected.

Cropping a partial region from an image acquired by the
image acquisition unit 120 will be described in detail with
reference to FIGS. 27 to 30.

In addition, when the sensor unit 170 detects an obstacle
during travelling of the moving robot 100, the controller 140
may perform a control operation based on a moving direc-
tion and a speed of the body 110 so that an image captured
at a specific time before detection of the obstacle by the
sensor unit 170 is selected from a plurality of continuous
images acquired by the image acquisition unit 120.

If the image acquisition unit 120 acquires an image by
using the obstacle detection time of the sensor unit 170 as a
trigger signal, the obstacle may not be included in the
acquired image or may be displayed small in the acquired
image because the moving robot 100 is still moving.

Thus, in an embodiment of the present invention, an
image captured at a specific time before the obstacle detec-
tion time of the sensor unit 170 may be selected from a
plurality of continuous images acquired by the image acqui-
sition unit based on the moving direction and the speed of
the body 110, and the selected image may be used as data
used for obstacle recognition.

Selecting an image captured at a specific time from
images acquired by the image acquisition unit 120, and
using the selected image as data for obstacle recognition will
be described in detail with reference to FIGS. 31 and 32.

Meanwhile, the obstacle recognition module 144 may
recognize an attribute of an obstacle included in the selected
image of the specific time based on data that is pre-learned
using machine learning.

Meanwhile, the storage unit 150 may store input data for
determination of an attribute of an obstacle, and data for
train the DNN.

The storage unit 150 may store an original image acquired
by the image acquisition unit 120, and extracted images of
extracted partial regions.

In addition, in some embodiments, the storage unit 150
may store a weight and a bias which form the DNN
structure.

In addition, in some embodiments, the weight and the bias
which form the DNN structure may be stored in an embed-
ded memory of the obstacle recognition module 144.
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Meanwhile, the obstacle recognition module 144 may
perform a learning process by using a specific image as
training data whenever the image acquisition unit 120
acquires an image or extracts a partial region from the
image, or may perform a learning process after a specific
number of images is acquired.

That is, the obstacle recognition module 144 may update
of the DNN structure such as a weight by adding a recog-
nition result whenever an obstacle is recognized, or by
securing a specific number of training data and then per-
forming a learning process using the secured training data.

Alternatively, the moving robot 100 may receive machine
learning-related data from a specific server through the
communication unit 190.

In this case, the moving robot 100 may update the
obstacle recognition module 141 based on machine learning-
related data received from the specific server.

Meanwhile, the moving robot 100 may transmit an image,
acquired or extracted by the image acquisition unit 120, to
the specific server through the communication unit 190.

FIG. 7 is a schematic block diagram illustrating a server
according to an embodiment of the present invention.

Referring to FIG. 7, a server 70 may include a commu-
nication unit 720, a storage unit 730, a learning module 740,
and a processor 710.

The processor 710 may control overall operation of the
server 70.

Meanwhile, the server 70 may be a server run by a home
appliance manufacturer such as a manufacturer of the mov-
ing robot 100, a server run by a service provider, or a cloud
server.

The communication unit 720 may receive various types of
data, such as state information, operation information, and
manipulation information, from a gate way or a home
appliance, such as a mobile terminal and a moving robot
100.

The communication unit 720 may transmit data corre-
sponding to various types of received information to a
gateway or a home appliance, such as a mobile terminal and
the moving robot 100.

To this end, the communication unit 720 may include one
or more communication modules, such as an Internet mod-
ule and a mobile communication module.

The storage unit 730 may store received information and
corresponding data required to generate result information.

In addition, the storage unit 730 may store data used for
machine learning, and result data.

The learning module 740 may act as a learning device of
a home appliance such as the moving robot 100.

The learning module 740 may include DDN, such as
CNN, RNN; and DBN, and may train the DNN.

As a learning method by the learning module 740, unsu-
pervised learning and supervised learning may be both used.

Meanwhile, depending on settings, the controller 810 may
perform a learning process and then update an ANN struc-
ture of a home appliance, such as the moving robot 100, with
a learned ANN structure after.

FIG. 8 is a diagram illustrating an operation method of a
moving robot and a server according to an embodiment of
the present invention.

Referring to FIG. 8, the controller 140 of the moving
robot 100, especially the obstacle recognition module 144,
may be embedded with a DNN structure 144a such as a
CNN.

A pre-learned DNN structure 144a may receive recogni-
tion input data, recognize an obstacle’s attribute included in
the input data, and output a result.
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Unknown data which the DNN structure 1444 is unable to
recognize may be stored in the storage unit 150 or in a
storage space 1445 of the obstacle recognition module 144.

Meanwhile, unknown data which the obstacle recognition
module 144 is unable to recognize may be transmitted to the
server 70 through the communication unit 190. In addition,
even data recognized by the obstacle recognition module
144 may be transmitted to the server 70.

The server 70 may generate a configuration of learned
weights, and the server 70 may train the DNN structure
using training data.

The server 70 may train the DNN based on received data,
and transmit updated DNN structure data to the moving
robot 100 so as to update the DNN structure.

FIGS. 9 to 11 are diagram for explaining deep learning.

Deep learning, which is a kind of machine learning, is a
method of learning data deep in multiple levels.

Deep learning may represent a set of machine learning
algorithms which extract key data is extracted from a
plurality of datasets as a higher level is set.

A deep learning structure may include ANN, and may be
configured as DNN, such as CNN, RNN, and DNB.

Referring to FIG. 9, the ANN may include an input layer,
a hidden layer, and an output layer. Each layer includes a
plurality of nodes, and each layer is connected to a next
layer. Nodes between adjacent layers may be connected to
each other with a weight.

Referring to FIG. 10, a computer (machine) may generate
a feature map by discovering a specific pattern from input
data 1010. The computer (machine) may extract a low level
feature 1020, an intermediate level feature 1030, and a high
level feature 1040, recognize a subject, and output a result
1050.

The ANN may be configured such that a further next layer
is abstracted as a higher level feature.

Referring to FIGS. 9 and 10, each node may operate based
on an activation model, and an output value corresponding
to an input value may be determined by the activation
model.

A random node, e.g., an output value of the lower level
feature 1020, may be input to a next layer connected to the
random layer, e.g., a node of the intermediate level feature
1030. A node of the next layer, e.g., the node of the
intermediate level feature 1030, may receive values output
from a plurality of nodes of the lower level feature 1020.

At this point, an input value to each node may be a value
obtained by applying a weight to a value output from a
previous layer. A weight may indicate strength of connection
between nodes.

In addition, a deep learning procedure may be considered
to be a procedure for discovering an appropriate weight.

Meanwhile, a value output from a random node, e.g, the
intermediate level feature 1030, may be input to a next layer
connected to the random node, e.g., a node of the high level
feature 1040. A node of the next layer, e.g., a node of the
high level feature 1040, may receive values output from a
plurality of nodes of the intermediate level feature 1030.

The ANN may extract feature information corresponding
to each level by using a learned layer corresponding to each
level. The ANN may abstract layers sequentially, and rec-
ognize a specific subject by using the highest level feature
information.

For example, in a process of face recognition based on
deep learning, a computer may distinguish bright pixels and
dark pixels from an input image according to brightness of
pixels, distinguish a simple shape, such as a boundary and an
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edge, and then distinguish a more complicated shape or
object. Lastly, the computer may identify a shape that
defines a human face.

A deep learning structure according to the present inven-
tion may utilize various structures. For example, the deep
learning structure according to the present invention may be
CNN, RNN, and DBN.

The RNN is often used to process natural languages and
efficient in processing time-series data which changes over
time. The RNN adds up a layer each time to configure an
ANN structure.

The DBN is a deep learning structure configured with
multiple layers of Restricted Boltzman Machine (RBM)
which is a deep learning technique. If a predetermined
number of layers is built up by repeatedly performing RBM
learning, the DBN having the predetermined number of
layers may be configured.

The CNN is commonly used in object recognition fields
and will be described with reference to FIG. 11.

The CNN is a model that imitates a human brain functions
in the assumption that a person extracts basic features of an
object, goes through complicated calculations in his brain,
and recognizes the object based on the calculation result.

FIG. 11 is a diagram illustrating a CNN structure.

The CNN may include an input layer, a hidden layer, and
an output layer.

A specific image 1100 may be input into the input layer.

Referring to FIG. 11, the hidden layer may be composed
of a plurality of layers, and include a convolution layer and
a sub-sampling layer.

The CNN basically uses various filters for extracting
features from an image through convolution computation,
and a pooling or non-linear activation function for adding a
non-linear feature.

Convolution is used mainly for filter computation in
image processing fields in order to implement a filter which
extracts a feature from an image.

For example, if convolution computation is repeatedly
performed on the entire image by moving a 3x3 window, it
is possible to obtain an appropriate result depending on a
weight of the window.

The convolution layer may be used for convolution fil-
tering to filter out information extracted from a previous
layer with a predetermined-sized filter.

The convolution layer performs convolution computation
on image data 1100 and 1102 received using a convolution
filter, and generates feature maps 1101 and 1103 which
presets features of the input image 1100.

As a convolution filtering result, filtering images whose
number corresponds to the number of filters included in the
convolution layer may be generated. The convolution layer
may be composed of nodes included in the filtering images.

In addition, the sub-sampling layer paired with the con-
volution layer may include feature maps whose number is
identical to the number of convolution layers.

The sub-sampling layer may reduce the dimension of the
feature maps 1101 and 1103 through sampling or pooling.

The output layer recognizes the input image 1100 by
combining various features presented on the feature map
1104.

An obstacle recognition module of a moving robot
according to the present invention may utilize various deep
learning structures. For example, the obstacle recognition
module may utilize a CNN structure which is commonly
used for recognition of an object within an image, but
aspects of the present invention are not limited thereto.
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Meanwhile, the ANN’s learning may be performed by
adjusting a weight of a connection line between nodes so as
to output a desired output in response to a given input. In
addition, the ANN may constantly update a weight value
through learning. In addition, back propagation may be used
to train the ANN.

FIGS. 12 and 13 are diagrams for explaining obstacle
recognition.

Referring to FIG. 12, the obstacle recognition module 144
may classify obstacles into classes, such as a fan, a home
theater, a multitap, a lamp base, a step, a person (foot) a
person (hand), and a pet, and recognize the obstacles based
on the classes.

In addition, the obstacle recognition module 144 may
classify the fan, the home theater, the multitap, and the lamp
base as high-level dangerous obstacle super classes, and
recognize them with such classes.

In addition, the obstacle recognition module may classify
an obstacle, such as a step, which the moving robot 100 is
able to travel forward in straight, as a non-dangerous
obstacle super class, and recognize it with such a class.

In addition, the obstacle recognition module 144 may
classify a human (foot), a human (hand), and the pet as a
movable obstacle super class, and recognize them with such
a class.

Referring to (a) of FIG. 13, the obstacle recognition
module 144 may recognize an input image and obtain
recognition results indicating that the fan has a confidence of
0.95 and the home theater has a confidence of 0.7. In this
case, as a result of recognition of the input image, the
obstacle recognition module 144 may output the fan which
has a higher confidence.

Meanwhile, a confidence may be normalized to a range of
0.0 to 1.0.

Referring to (b) of FIG. 13, the obstacle recognition
module 144 may recognize an input image and obtain
recognition results indicating that the fan has a confidence of
0.35 and the home theater has a confidence of 0.4.

For example, if it is set to ignore a confidence of 0.6 or
less, the above two confidence are less than the reference
value, and thus, the obstacle recognition module 144 may
not select any of the two recognition results and determine
that an object is unknown data.

Referring to (c¢) of FIG. 13, the obstacle recognition
module 144 may recognize an input image and obtain
recognition results indicating that the fan has a confidence of
0.95 and the home theater has a confidence of 0.9.

For example, if it is set to select a recognition result with
a confidence of 0.9 or greater as a final recognition result, the
above two recognition results has confidence greater than
the reference value, and thus, the obstacle recognition mod-
ule 144 may determine that the obstacles are higher-level
dangerous obstacles without selecting any one of the rec-
ognition results.

Alternatively, if it is set to accept a recognition result
having a higher confidence when a difference between
confidences is 0.15 or greater, the obstacle recognition
module 144 may determine that the obstacle is a higher-level
dangerous obstacle.

Meanwhile, even when an obstacle is determined to be a
dangerous obstacle, the driving control module 141 may
control the driving unit 160 to move by detouring around the
dangerous obstacle.

FIG. 14 is a perspective view of a moving robot according
to an embodiment of the present invention.

FIG. 15 is a front view and a side view of an obstacle
detection sensor of the moving robot shown in FIG. 14, and
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FIGS. 16 to 18 are diagrams illustrating operation of an
obstacle detection sensor of the moving robot shown in FIG.
14.

Referring to FIGS. 14 to 18, the moving robot 100
according to an embodiment of the present invention may
include an obstacle detection sensor 171 which detects an
obstacle using one or more optical patterns P1 and P2.

The optical patterns P1 and P2 may be horizontal patterns
Ph. In some cases, the optical patterns P1 and P2 may
include a vertical pattern Pv.

The obstacle detection sensor 171 using optical patterns
may include a first pattern projection unit 1520, a second
pattern projection unit 1530, and a pattern recognition unit
1540. The first pattern projection unit 1520, the second
pattern projection unit 1530, and the pattern recognition unit
1540 may be disposed on a base unit 1510.

FIG. 15 is a front view and a side view of the obstacle
detection sensor 171. FIG. 16 shows a projection range and
an obstacle detection range of the obstacle detection sensor
171.

In FIG. 15, (a) is a front view of the obstacle detection
sensor 171, and (b) is a side view of the obstacle detection
sensor 171.

As shown in (a) and (b) of FIG. 15, each of the first and
second pattern projection units 1520 and 530 of the obstacle
detection sensor 171 may include a light source and an
Optical Pattern Projection Element (OPPE) which generates
a specific pattern as light emitted from the light source
passes therethrough. The light source may be a Laser Diode
(LD), a Light Emitting Diode (LED), or the like. Due to its
characteristics excellent in monochromaticity, straightness,
and connection, compared to other light sources, a laser
beam may be used to measure a precise distance. In par-
ticular, an infrared ray or a visible ray may have a great
deviation in precision of distance measurement due to an
object’s property such as color and material, and thus, a LD
is desirable for a light source. The OPPE may include a lens
and a Diffractive Optical Element (DOE). Depending on a
configuration of an OPPE provided in each of the pattern
projection units 1520 and 1530, various types of patterns
may be projected.

The first pattern projection unit 1520 may project light P1
having a first pattern (hereinafter, referred to as a first pattern
light) toward the low front side of the body 110. Thus, the
first pattern light P1 may be incident on the floor of a
cleaning area.

The first pattern light P1 may be in the form of a
horizontal line Ph. In addition, the first pattern light P1 may
be a cross pattern between the horizontal line Ph and the
vertical line Pv.

The first pattern projection unit 1520, the second pattern
projection unit 1530, and the pattern recognition unit 1540
may be vertically disposed in a row. The pattern recognition
unit 1540 may be disposed below the first pattern projection
unit 1520 and the second pattern projection unit 1530, but
aspects of the present invention are not limited thereto. The
pattern recognition unit 1540 may be disposed above the
first pattern projection unit 1520 and the second pattern
projection unit 1530.

In the example, the first pattern projection unit 1520 may
be disposed in the upper side and project the first pattern
light P1 forward and downward so as to detect an obstacle
located lower than the first patter projection unit 1520,
whereas the second pattern projection unit 1530 may be
disposed below the first pattern projection unit 1520 and
project a light having a second pattern (hereinafter, referred
to as a second pattern light) P2 forward and upward. Thus,
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the second pattern light P2 may be incident on a wall or floor
of a cleaning area up to at least an obstacle located higher
than the second pattern projection unit 1530 or a certain
portion of the obstacle.

The second pattern light P2 may be composed of a pattern
different from the first pattern light P1, and may preferably
include a horizontal line. The horizontal line is not neces-
sarily a continuous segment, but may be a dotted line.

It is desirable that a horizontal angle of incidence of the
first pattern projection unit 1520 and the second pattern
projection unit 1530 is selected from the range of 130° to
140°.

The pattern recognition unit 1540 may acquire an image
of'an area forward of the body 110 (see FIG. 1). In particular,
the pattern lights P1 and P2 are present in an image acquired
by the pattern recognition unit 1540, and such pattern lights
P1 and P2 present in the acquired image are referred to as
light patterns that are images which are formed on an image
sensor by the pattern lights P1 and P2 incident on an actual
space. Thus, the same symbols of the pattern lights P1 and
P2 are given, so images respectively corresponding to the
first pattern light P1 and the second pattern light P2 are
referred to as a first light pattern P1 and a second light
pattern P2.

The pattern recognition unit 1540 may include a digital
camera which converts an image of a subject into an
electrical signal, convert the electrical signal into a digital
signal, and store the digital signal in a memory device. The
digital camera may include an image sensor (now shown)
and an image processing unit (not shown).

The image sensor is a device that converts an optical
image into an electrical signal, and composed of a chip
where a plurality of photo diodes is integrated. One example
of a photo diode may be a pixel. Due to images formed on
the chip by lights passing through a lens, charges are
accumulated in each pixel, and the charges accumulated in
each pixel are converted into an electrical signal (e.g., a
voltage). Examples of the image sensor may include a
Charge Coupled Device (CCD), a Complementary Metal
Oxide Semiconductor (CMOS), etc.

The image processing unit generates a digital image based
on an analog signal output from the image sensor. The image
processing unit may include: an AD converter which con-
verts an analog signal into a digital signal; a buffer memory
which temporarily stores digital data in accordance with a
digital signal output from the AD converter; and a Digital
Signal Processor (DSP) which processes information stored
in the buffer memory to configure a digital image.

The controller 140 (see FIG. 6) may detect a feature, such
as a dot, a line, and a surface, from specific pixels which
forms an acquired image. Based on the detected features, the
controller 140 may detect the light patterns P1 and P2, or a
dot, a line, a surface, etc. which forms the light patterns P1
and P2.

For example, the controller 140 may extract segments
formed by bright pixels in an acquired image, and extract a
horizontal line Ph forming the first light pattern P1 and a
horizontal line forming the second light pattern P2.

However aspects of the present invention are not limited
thereto, and other various techniques for extracting a desired
pattern from a digital image are already well known. Using
such well-known techniques, the pattern detection unit 210
may extract the first light pattern P1 and the second light
pattern P2.

As illustrated in FIG. 7, the first pattern projection unit
1520 and the second pattern projection unit 1530 may be
disposed symmetrically. The first pattern projection unit
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1520 and the second pattern projection unit 1530 are verti-
cally spaced apart at distance h3 from each other, and thus,
the first pattern projection unit 1520 projects the first pattern
light downward and the second pattern projection unit 1530
projects the second pattern light upward so that the pattern
lights respectively output from the first pattern projection
unit 1520 and the second pattern projection unit 1530
intersects each other.

The pattern recognition unit 1540 is disposed at distance
h2 lower from the second pattern projection unit 1530 to
capture an image of an area forward of the body 110 with an
angle view 0s in the top-bottom direction. It is desirable that
the pattern recognition unit 1540 is disposed in a bumper
(now shown), which defines the lower front part of the body
110 of the moving robot 100, or disposed in a location where
it is easy to image the forward area considering travelling of
the moving robot 100 or the structure to be cleaned.

The first pattern projection unit 1520 or the second pattern
projection unit 1530 is installed such that optical axes of
lenses in the pattern projection units 1520 and 1530 are
directed to form a certain angle of incidence.

The first pattern projection unit 1520 projects the first
pattern light Pa downward at a first angle of incidence 0rl,
and the second pattern projection unit 1530 projects the
second pattern light P2 upward at a second angle of inci-
dence 0r2. The first angle of incidence and the second angle
of'incidence are basically different, but they may be set to be
identical in some cases. For example, the first angle of
incidence may be set to be 60° to 70°, and the second angle
of'incidence may be set to be 50° to 55°. The first and second
angles of incidence may be changed depending on the
structure of a lower bumper of the moving robot 100, a range
for detection of a low positioned object, and a height of a
high positioned object to be detected.

When a pattern light projected by the first pattern projec-
tion unit 1520 and/or the second pattern projection unit 1530
is incident on an obstacle, a light pattern P1 or P2 may be
at different positions depending on how far the obstacle is
located from the first pattern projection unit 1520. For
example, when the first pattern light P1 and the second
pattern light P2 are incident on a specific obstacle, the closer
the obstacle is located to the moving robot 100, the higher
the first light pattern P1 is presented on an acquired image
and the lower the second light pattern P2 is presented on the
acquired image. That is, data about a distance to an obstacle
corresponding to a row (which is a line consisting of pixels
arranged in the transverse direction) in an image generated
by the pattern recognition unit 1540 is stored in advance.
Then, when the light patterns P1 and P2 are detected from
a specific row from an image acquired by the pattern
recognition unit 1540, a location of an obstacle may be
estimated based on data about a distance to an obstacle
corresponding to the row.

The pattern recognition unit 1540 is disposed toward a
horizontal direction of an optical axis of a lens. 0s in FIG.
16 indicates an angle view of the pattern recognition unit
1540 and may be set to be a value equal to or greater than
100°. 0 is preferably between 100° and 110°, but aspects of
the present invention are not limited thereto.

In addition, a distance from a floor of a cleaning area to
the pattern recognition unit 1540 may be set to be about
between 60 mm and 70 mm. In this case, the floor of the
cleaning area may be displayed in an image acquired by the
pattern recognition unit 1540 after D1, and D2 is a location
where the first light pattern P1 is displayed on a floor shown
in the acquired image. If an obstacle is located at D2, an
image showing that the first pattern light P1 is incident on
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the obstacle may be acquired by the pattern recognition unit
1540. If the obstacle is in the vicinity of the moving robot
100 than D2, the first light pattern may be presented above
a reference level refl in response to the incident first pattern
light P1.

A distance from the body 110 to D1 is preferably between
100 mm and 150 mm, and a distance from the body 110 to
D2 is preferably between 180 mm and 280 mm, but aspects
of the present invention are not limited thereto. Meanwhile,
D3 is a distance from the most protruding portion in the front
side of the body 110 to a location where a second pattern
light is incident. The body 110 detects an obstacle during
travelling, and thus, D3 indicates the minimum distance by
which the moving robot 100 is allowed to detect an obstacle
ahead (or located above) without colliding with the obstacle.
D3 may be set to be about between 23 mm and 30 mm.

Meanwhile, if the first light pattern P1 shown in an
acquired image disappears during travelling of the body 110
or when only portion of the first light pattern is presented,
the controller 140 may determine that a cliff exists in the
vicinity of the moving robot 100.

When the first light pattern is not displayed in the acquired
image, the controller 140 may recognize a cliff existing in
front of the moving robot 100. When a cliff (e.g., stairs)
exists in front of the moving robot 100, the first pattern light
is not incident on the floor, and thus, the first light pattern P1
disappears from the acquired image.

Based on a length of D2, the controller 140 determines
that a cliff exists at a distance D2 ahead of the body 110. In
this case, when the first pattern light P1 is a cross pattern, a
horizontal line disappears and only a vertical line is left, and
thus, it is possible to determine the presence of the cliff.

In addition, when a portion of the first light pattern is not
displayed, the controller 140 may determine that a cliff
exists on the left or right side of the moving robot 100. When
a portion of the right side of the first light pattern is not
displayed, the controller 140 may determine that a cliff
exists on the right side of the moving robot 100.

Thus, based on the cliff information, the controller 140
may control the travel unit 160 (see FIG. 6) so that the
moving robot 100 travels along a path without falling off the
cliff.

In addition, when a cliff exists in front of the moving robot
100, the controller 140 may control travelling a predeter-
mined distance, e.g., D2 or less, forward in straight and then
check again, using a cliff sensor installed at the lower
portion of the body 110, whether there is a cliff. The moving
robot 100 may first check the presence of a cliff using an
acquired image, and then check again the presence of a cliff
after travelling a predetermined distance.

FIG. 17 is a diagram illustrating a light pattern projected
by a first pattern projection unit.

The controller 140 may detect a first light pattern or a
second light pattern from an image acquired by the pattern
recognition unit 1540, analyze the first light patter or the
second light pattern, and compare a location of the first light
pattern with a reference level refl so as to determine an
obstacle.

As illustrated in (a) of FIG. 17, when a horizontal line of
the first light pattern P1 is at the reference level refl, the
controller 140 determines a normal state. The normal state
indicates that the floor is flat and even and there is no
obstacle ahead so that the moving robot 100 is able to keep
travelling.

When an obstacle exits in an upper forward area, the
second light pattern P2 is incident on the obstacle and
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presented in an acquired image, and thus, the second light
pattern P2 is usually not presented in the normal state.

As illustrated in (b) of FIG. 17, when a horizontal line of
the first light pattern P1 is positioned higher than the
reference level refl, the controller 140 determines that an
obstacle exists ahead.

As illustrated in the drawing, when an obstacle is
detected, the controller 150 may control the travel unit 160
to travel by detouring around the obstacle.

Meanwhile, the controller 140 may determine locations of
the first and second light patterns P1 and P2, and a location
and a size of an obstacle which is detected in response to the
presence of the second light pattern. In addition, the con-
troller 140 may determine the location and the size of the
obstacle based on change of the first and second light
patterns P1 and P2 displayed in an image which is acquired
during travelling.

By determining whether it is possible to keep travelling
despite of a recognized obstacle or whether it is necessary to
travel by detouring around the recognized obstacle, the
controller 140 may control the travel unit 160. For example,
when a height of an obstacle is lower than a predetermined
height or when it is possible to enter a space between the
obstacle and the floor, the controller 140 may determine that
it is possible to keep travelling.

As illustrated in (c) of FIG. 17, the first light pattern P1
may be displayed lower than the reference level refl. When
the first light pattern P1 is displayed lower than the reference
level refl, the controller 140 may determine that a descend-
ing slope exists. In the case of a cliff, the first light pattern
P1 disappears. Thus, the descending slope can be distin-
guished from the cliff.

As illustrated in (d) of FIG. 17, when the first light pattern
P1 is not displayed, the controller 140 may determine that a
cliff exists in a direction of travel.

In addition, as illustrated in (e) of FIG. 17, when a portion
of the first light pattern P1 is not displayed, the controller
140 may determine that a cliff exists on the left or right side
of the moving robot 100.

Meanwhile, when the first light pattern P1 is a cross
pattern, the controller 140 may determine the presence of an
obstacle by taking into account a location of the horizontal
line and a length of the vertical line.

FIG. 18 is a diagram illustrating an example of a pattern
which is projected to an obstacle by a moving robot accord-
ing to an embodiment of the present invention.

As illustrated in FIG. 18, a pattern light is projected by the
obstacle detection sensor 171 to an obstacle and presented in
a captured image. Accordingly, the controller 140 may
determine a location, a size, and a shape of the obstacle.

As illustrated in (a) of FIG. 18, when a wall exists ahead
during travelling of the moving robot 100, a first pattern
light is incident on the floor and a second pattern light is
incident on the wall. Accordingly, the first light pattern P1
and the second light pattern P2 are displayed as two hori-
zontal lines on an acquired image. In this case, if a distance
to the wall is greater than D2, the first light pattern P1 may
be displayed at a reference level refl but the controller 140
may determine the presence of the obstacle because the
second light pattern P2 is displayed.

Meanwhile, if the distance to the wall is smaller than D2,
the first pattern light is not incident on the floor but on the
wall, and thus, the first light pattern is displayed higher than
the reference level refl on the acquired image, and the
second light pattern is displayed higher than the first light
pattern. The closer the body 110 is located to an obstacle, the
lower the second light pattern is displayed in the acquired
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image. Thus, if a distance between the wall and the body 110
is greater than D2, the second light pattern P2 is displayed
lower in the acquired image. However, the second pattern
light is displayed higher in the image than the reference level
refl and the first light pattern.

Accordingly, the controller 140 may calculate a distance
to the wall, which is an obstacle based on the first light
pattern and the second light pattern.

As illustrated in (b) of FIG. 18, if an obstacle, such as a
bed and a drawer, exists ahead, the first pattern light P1 and
the second pattern light P2 are incident on the floor and the
obstacle as two horizontal lines.

The controller 140 determines the presence of an obstacle
based on the first light pattern and the second light pattern.
The controller 140 may determine a height of the obstacle
based on a location of the second light pattern and a change
in the second light pattern occurring while the moving robot
100 approaches the obstacle. Accordingly, the controller 140
controls the travel unit 160 by determining whether it is
possible to enter a space below the obstacle.

For example, when there is an obstacle, such as a bed,
which forms a space with the floor in a cleaning area, the
controller may determine a height of the space and deter-
mine whether to pass through or avoid the obstacle. If the
height of the space is lower than a height of the body 110,
the controller 140 may control the travel unit 160 so that the
body 110 travels by detouring around the obstacle. In
contrast, if the height of the space is higher than the height
of the body 110, the controller 140 may control the travel
unit 160 so that the body 110 enter or pass through the space.

In this case, even in the example (a) of FIG. 18, the first
light pattern and the second light pattern are displayed as
two horizontal lines, but the controller 140 may distinguish
the two horizontal lines because there is a distance between
the first light pattern and the second light pattern. In addi-
tion, in the case of the example (a) of FIG. 18, the first light
pattern is displayed higher than the reference level refl if the
moving robot 100 is located close to an obstacle. However,
in the example (b) of FIG. 18 where an obstacle exists above
the moving robot 100, the first light pattern P1 is displayed
at the reference level refl despite a short distance from the
obstacle and the location of the second light pattern P2 is
changed, and thus, the controller 140 may be able to identify
a type of the obstacle.

As shown in the example (c¢) of FIG. 18, if an obstacle is
a bed or a drawer, the first pattern light P1 is projected on the
floor as a horizontal line whereas the second pattern light P2
is projected on an edge of the obstacle. Thus, some of the
second pattern light P2 is displayed as a horizontal line and
the rest thereof is diagonally incident on the obstacle. The
second light pattern P2 is displayed high when the obstacle
is located far from the body 110, and thus, a side surface of
the obstacle may be displayed as a diagonal line which is
bent upward from the horizontal line projected on the front
side of the body 110.

As illustrated in (d) of FIG. 18, if the body 10 is a
predetermined distance or less to a wall edge, a part of the
first pattern light P1 is displayed as a horizontal line higher
than the reference level refl, a part of the first pattern light
P1 is projected on a side surface over the edge and displayed
as a diagonal line bent downward, and the rest part of the
first pattern light P1 is projected on the floor and displayed
as a horizontal line at the reference level refl.

Meanwhile, similarly to the example (¢) of FIG. 18, some
of the second pattern light is displayed as a horizontal line
and the rest thereof projected and incident on a side surface
over the edge is displayed as a diagonal line bent upward.
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In addition, similarly to the example (e) of FIG. 18, the
first light pattern is displayed as a horizontal line at the
reference level refl with respect to an obstacle protruding
from a wall, and a part of the second light pattern P2 is
displayed as a horizontal line on the protruding surface, a
part of the second light pattern P2 is incident on a side
surface over the protruding surface and displayed as a
diagonal line bent upward, and the rest part of the second
light pattern P2 is projected onto the wall and displayed as
a horizontal line.

Accordingly, the controller 140 may determine a location,
a shape, and a size (height) of an obstacle based on locations
and shapes of the first pattern light and the second pattern
light.

FIGS. 19 and 20 are diagrams illustrating an obstacle
detection sensor unit of a moving robot according to an
embodiment of the present invention, and FIG. 21 is a
diagram for explaining a principle of how the sensor unit
shown in FIGS. 19 and 20 detects an obstacle in a detection
range.

Referring to FIGS. 19 and 20, an obstacle detection sensor
unit 172 emits light [.1 to detect a location of an obstacle or
a distance to the obstacle. The obstacle detection sensor unit
172 is rotatably and elevatably provided in the obstacle
detection sensor unit. The obstacle detection sensor unit 172
may include a light emitting unit 2021, a light receiving unit
2022, and a base 2023.

The obstacle detection sensor unit 172 may include: an
elevation driving unit (not shown) which moves the obstacle
detection sensor unit 172 upward and downward; a tilt
driving unit (now shown) which adjusts a sensing angle of
the obstacle detection sensor unit 172; and a rotation driving
unit (not shown) which rotates the obstacle detection sensor
unit 172.

The light emitting unit 2021 may emits the light [.1, and
include a light source and a collimate lens which refracts
light emitted from the light source so that the light travels in
a parallel direction. A light emitting body which emits an
infrared ray or a visible ray, such as an infrared or visible
LED, may be used as the light source. However, a light
emitting body which emits a laser beam is desirable.

The light receiving unit 2022 may include an image
sensor on which a light spot of light [.2 reflected or scattered
by an obstacle is formed. The image sensor is a group of
multiple unit pixels disposed in a matrix form of nXm. Each
unit pixel may be implemented as any of various light
receiving devices, such as a cadmium sulfide cell (CSC), a
photo diode, a photo transistor, a solar cell, and a photo-
electric tube, and such light receiving devices converts an
optical signal of light into an electric signal. In addition, the
light receiving unit 2022 may include a light receiving lens
through which light reflected or scattered by an obstacle
passes to be refracted and thereby formed on the image
sensor. The light receiving lens may be composed of a
plurality of lens.

The base 2023 supports the light emitting unit 2021 and
the light receiving unit 2022, and is able to rotate and elevate
with respect to the body 110. The light emitting unit 2021
and the image sensor may be disposed on the base 2023
while spaced apart at a predetermine distance from each
other.

Meanwhile, the obstacle detection sensor unit 172 may
further include a supporter 2025 to support the obstacle
detection sensor unit 172, and the base may be rotatably
supported by the support 2025. The supporter 2025 may be
fixed to the lower part of the body 110 (see FIG. 1) by a
fastening member, such as a screw and a bolt, and in this
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case, the elevation driving unit which will be described in
the following may elevate the base 2023. However, aspects
of the present invention are not limited thereto, and the base
2023 may be elevatably disposed in a top-down direction

with respect to the lower part of the body 110 due to the 3

elevation driving unit.

A base cover 2024 is coupled to the base 2023 to thereby
rotate in conjunction with the base 2023. Between the base
cover 2024 and the base 2023, there may be a light trans-
mitting channel, through which the light [.1 emitted from the
light emitting unit 2021 passes, and a light receiving chan-
nel, through which light is received by the light receiving
unit 2022.

The elevation driving unit elevates the obstacle detection
sensor unit 171. The elevation driving unit may include a
linear or rotation motor. There may be a power transfer
means which helps transfer or shift of power between the
elevation driving unit and the obstacle detection sensor unit
172 so as to elevate the obstacle detection sensor unit 172,
and the power transfer means may be implemented as
various devices, such as a gear, a pulley 2042, and a belt
2043. For example, if the elevation driving unit is imple-
mented as a rotation motor, the power transfer means may
include a drive pinion which is rotated by the motor, and a
rack which is fixed onto the base and engaged with the drive
pinion.

The obstacle detection sensor unit 172 may elevate
through an elevation hole (not shown) formed on the upper
part of the body 110. In the case where the obstacle detection
sensor unit 172 elevate in the top-down direction, if the
obstacle detection sensor unit 172 is in the down position,
the light [.1 emitted from the light emitting unit 2021 of the
obstacle detection sensor unit 172 is directed forward of the
body 110 through a transparent member which is installed in
the obstacle detection sensor unit 172, and the light 1.2
reflected or scattered by the obstacle may pass through the
transparent member to be thereby incident on the light
receiving unit 2022.

If the obstacle detection sensor unit 172 is in the up
position, the obstacle detection sensor unit 172 protrudes
toward the top of the body 110 through the elevation hole,
and even the light emitting unit 2021 and the light receiving
unit 2022 are positioned upper in the body 110.

FIG. 21 is a diagram illustrating a principle how to
measure a distance to an object. Referring to FIG. 21, the
basic principle of how the obstacle detection sensor unit 172
detects a location of an object is using triangulation.

Light emitted from the light source 2110 has a specific
angle relative to an optical axis C of a light receiving lens
2130. In particular, an angle is closely related to precision of
measuring a distance to an object. Thus, it may be difficult
to measure a distance to a nearby object, and thus, if the
angle is too small, whereas it may be difficult to measure a
distance to a distant object if the angle is too great. Thus, the
angle needs to have an appropriate value that is preferably
a value which makes it possible to measure a distance in a
range of 0.1 m to 4 m.

The image sensor 2120 is spaced apart from the light
source 2110, and the light receiving lens 2130 is disposed
between the image sensor 2120 and the object or an obstacle
300. In this case, a distance between the obstacle and the
light receiving lens 2130 is defined as an object distance
“L”, and the object distance “L.” is calculated by Equation 1
as below.
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[Equation 1]

In Equation 1, f is a focal length, g is a distance between
the light source 2110 and a lens, 0 is an angle between a light
emitted from the light source 2110 and the optical axis C of
the light receiving lens 2130, and p is a location of a light
spot of light, reflected or scattered by the object, on the
image sensor relative to the center o of the image sensor
2120.

Meanwhile, only when light emitted from the light source
2110 passes through the transparent member 2132, a light
spot is formed on the image sensor 2120, and thus, location
information used in mapping a cleaning area may be
obtained from a range corresponding to a profile of the
transparent member 2132, e.g., an angle of 0° to 180°.

The following description is about an example in which
an object is detected using an ultrasonic sensor, but aspects
of'the present invention are not limited thereto. For example,
it is obvious that other methods described above with
reference to FIGS. 14 to 21 can be used to detect an object.

FIG. 22 is a flowchart illustrating a control method of a
moving robot according to an embodiment of the present
invention.

Referring to FIGS. 2 to 6, and 22, the moving robot 100
may perform cleaning while moving in accordance of a
command or its settings (S2210).

The sensor unit 170 includes an object detection sensor
131, 171, or 172 and detects an obstacle while moving.

If an obstacle is detected using the sensor unit 170 while
the moving robot 100 moves (S2220), the image acquisition
unit 120 may acquire an image of an area forward of the
body 110 (S2230).

In addition, from among images being acquired by the
image acquisition unit 120, an image captured at the same
time as an object detection time of the sensor unit 170 or an
image captured before the object detection time of the sensor
unit 170 is selected and used as an image to recognize an
obstacle.

When the sensor unit 170 detects the obstacle, the
obstacle detection module 144 may recognize an attribute of
the detected obstacle based on the images acquired by the
image acquisition unit 120 (S2240).

It is more desirable that the obstacle recognition module
144 may recognize the obstacle based on data which is
pre-learned by machine learning from images acquired by
the images acquired by the image acquisition unit 120
(S2240).

The obstacle recognition module 144 may include the
ANN which is trained by machine learning to recognize
object attributes, such as type, and the obstacle recognition
module 144 may recognize an attribute of the detected
obstacle based on pre-learned data.

For example, the obstacle recognition module 144 may be
embedded with the CNN which is one of deep learning
structures, and the pre-learned CNN may recognize an
obstacle attribute included in input data and output a result.

The obstacle recognition module 144 trained using the
machine learning may have a higher recognition rate if a
learned subject accounts for a greater portion of input image
data.

Thus, according to an embodiment of the present inven-
tion, a partial region from an image acquired by the image
acquisition unit 120 is extracted according to a direction
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from the object is detected by the sensor, and then used as
data for recognition, thereby improving a recognition rate.

Cropping and extracting a partial region from an image
acquired by the image acquisition unit 120 will be described
in detail with reference to FIGS. 27 to 30.

Meanwhile, the driving control module 141 may control
driving of the travel unit 160 based on the attribute of the
recognized obstacle (S2290).

For example, if the recognized obstacle is an obstacle
which is too high for the moving robot 100 to go over, the
driving control module 141 may perform a control operation
so that the moving robot 100 travels by detouring around the
obstacle.

In addition, if the recognized obstacle is an obstacle which
is low enough for the moving robot 100 to go over, such as
a low step, the travel control module 141 may perform a
control operation so that the moving robot 100 keeps trav-
elling forward in straight.

In addition, if an obstacle having a low height, such as a
fan base, a multitap, and a wire, is recognized as a dangerous
obstacle which would possibly constrain the moving robot
100, the driving control module 141 may perform a control
operation so that the moving robot 100 travels by detouring
around the obstacle.

Meanwhile, if the attribute of the recognized obstacle
indicates a movable obstacle, the controller 140 may control
the sound output unit 181 to output preset sound (S2270).

The movable obstacle may be part of a human body or a
pet, and the preset sound may be alert sound or a message
for guiding the movable obstacle to move.

For example, if at least part of a human body, such as a
foot and a hand, is recognized, the controller 140 may
control the sound output unit 181 to output a message for
guiding the person to step aside.

In addition, if a pet, such as a dog and a cat, is recognized,
the controller 140 may control the sound output unit 181 t
output alert sound so that the pet moves in response to the
sound.

Meanwhile, if the attribute of the recognized obstacle
indicates a movable obstacle, the controller 140 may control
the travel unit 160 to stop moving the body 110 and wait for
a while (S2260).

Meanwhile, FIG. 22 shows an example of a flow of how
to output sound (S2270) after waiting (S2260), but aspects
of'the present invention are not limited thereto. For example,
it is possible to output sound and then stop moving the body
110, or to output sound at a time when stopping moving the
body 110.

Meanwhile, the controller 140 may output alert sound or
a message for guiding the movable obstacle to move
(82270), and wait for a particular standby time until the
movable obstacle moves (S2260).

Meanwhile, the sensor nit 170 may detect whether the
movable obstacle moves within the particular standby time
(S2280). In the case of a movable obstacle, the controller
140 may determine whether the movable obstacle moves for
a particular standby time, and control the moving robot to
travel in different ways according to a result of the deter-
mination.

When movement of the movable obstacle is detected
within the particular standby time (52280), the controller
140 may perform a control operation so that the moving
robot 100 resumes previous movement which was per-
formed before the stopping of the body 110 (S2260).

That is, if the movable obstacle moves within the par-
ticular standby time, a constraint to movement of the moving
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robot 100 is eliminated and thus it is possible to resume
movement in the previous driving pattern.

If movement of the movable obstacle is not detected
within the particular standby time (S2280), the controller
140 may perform avoidance driving with respect to the
movable obstacle (S2290).

That is, if the movable obstacle does not move within the
particular standby time, the moving robot 100 may perform
avoidance driving with respect to the movable obstacle.

Meanwhile, the controller 140 may control the body 110
to travel forward and backward repeatedly within a prede-
termined distance range.

It is desirable that the controller 140 may control the body
1110 to travel forward and backward repeatedly, as if it is
startled, for a particular standby time to wait until the
movable obstacle moves. Accordingly, due to the startled
movement of the moving robot 100 as well as a guidance
message, a user is able to intuitively know that the moving
robot 100 waits the user to move.

Usually, if one of family member is standing within a
cleaning area, a person cleaning the area asks the family
member to move away.

Considering such a general situation found in ordinary
family, the moving robot 100 may output sound “It’s now
cleaning. Please move your foot” upon detection of a
movable obstacle, such as a person’s foot and a hand.

Accordingly, a user is able to know that the moving robot
100 has recognized the user’s foot, and have a higher
reliability of the moving robot 100.

In addition, if a family member is located in a cleaning
area, avoidance driving needs to be performed and thus that
area cannot be cleaned according to existing technologies.
The present invention reduces a possibility of occurrence of
this case, and thus increases efficiency in cleaning.

FIG. 23 is a flowchart illustrating a control method of a
moving robot according to an embodiment of the present
invention, and shows an example in which the sensor unit
170 recognizes a human foot using an infrared sensor.

Referring to FIG. 23, the moving robot 100 may move in
apreset pattern in accordance with a command or its settings
(S2310). For example, the moving robot 100 may perform
cleaning while travelling in a zigzag pattern (S2310).

In the case where the sensor unit 170 includes an infrared
sensor, the sensor unit 170 may detect the presence of an
obstacle by detecting a reflected ultrasonic signal and the
controller 140 may recognize an attribute of the obstacle
based on an image acquired by the image acquisition unit
120 (S2320).

Meanwhile, the image acquisition unit 120 may acquire
an image by constantly capturing an area in the front side of
and in the surroundings of the moving robot 100 or capturing
an area in the front side of and in the surroundings of the
moving robot 100 upon detection of an obstacle by the
sensor unit 170.

Meanwhile, the controller 140 may control the moving
robot 100 to travel based on the attribute of the recognized
obstacle.

For example, if the recognized obstacle is a normal
obstacle (a not-dangerous obstacle) (S2331), the controller
140 control the moving robot 100 to perform normal
obstacle avoidance driving (S2341).

In addition, if the recognized obstacle is a dangerous
obstacle (S2332), the controller 140 may control the moving
robot to perform dangerous obstacle avoidance driving
(S2342).

The normal obstacle avoidance driving and the dangerous
obstacle avoidance driving may be different in terms of at
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least one of: a distance to an obstacle which is required to be
secured during avoidance driving; an angle of rotation of the
moving robot 100; and an avoidance driving pattern.

In addition, if the recognized obstacle is a human foot
(S2334), the controller 140 may control the sound output
unit 181 to output sound (S2350).

For example, the sound output unit 181 may provide a
user with a voice notification saying “It is now cleaning.
Please step aside.” That is, it is possible to inform the user
of the recognition of the human foot, and provide informa-
tion that the user is able to move out of a cleaning area.

In addition, the controller 140 may stop moving the
moving robot 100 (S2360), and determine whether a person
moves within a particular standby time (S2370, S2380).

Meanwhile, the controller 140 may turn on a timer to
determine whether the particular standby time elapses. The
timer may be provided inside the controller 140 or may be
an additional timer outside the controller 140.

For example, if an obstacle detected by the ultrasonic
sensor moves, a reflected ultrasonic signal is cleared, and
thus, movement of a movable obstacle may be determined
based on whether or not an ultrasonic signal is cleared.

If the ultrasonic signal is cleared (S2370), it may be
determined that a person ahead steps aside and thus it is
possible to resume the previous movement of the zigzag
pattern (S2310).

If the standby time is out because movement of an
obstacle is not determined for the particular standby time
(S2380), the controller 140 may perform a control operation
so that a predetermined avoidance operation is performed.

For example, if the standby time is out (S2380), the
controller 140 may perform a control operation so that
dangerous obstacle avoidance driving is performed (S2342).

FIGS. 24 to 32 are diagrams for explaining a control
method of a moving robot according to an embodiment of
the present invention.

Referring to FIG. 24, when a movable object, such as a
person (foot) is recognized during travelling, the moving
robot 100 may provide a notification, e.g., “It is now
cleaning. Please step aside.” Then, the moving robot 100
may keep cleaning if the movable object moves within a
predetermined time, whereas the moving robot 100 may
perform obstacle avoidance driving if the movable object
does not move within a predetermined time.

Accordingly, it is possible to prevent collision between
the moving robot 100 and a user, and increase cleaning
efficiency.

In addition, people often sit on the floor at home with their
hand on the floor.

Thus, as shown in FIG. 25, when a human hand or arm is
detected during travelling, the moving robot 100 may pro-
vide a user with a notification, for example, “Please move
your hand.”

In addition, if a recognized body part, such as a foot, a
hand, and an arm, is accurately informed to the user, it may
increase user confidence.

FIG. 26 is a diagram illustrating an example in which the
moving robot 100 travels forward and backward repeatedly
for a standby time.

Referring to FIG. 26, when waiting for a movable object
to move, the moving robot 100 may travel a first distance
D11 forward, a second distance D12 backward, the first
distance forward, and then the second distance D12 back-
ward again so as to inform that the moving robot 100 waits
for a user to move.

Meanwhile, it is desirable that the first distance D11 is a
value small enough not to approach too closely to the
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obstacle, and the second distance D12 may be set to corre-
spond to the first distance D11.

It is desirable that the moving robot 100 may travel the
second distance D12 backward and then the second distance
D12 not to go ahead of the first stop location so that the
moving robot 100 does not approach the obstacle. That is, it
is more desirable that the moving robot 100 repeatedly
travels the second distance D12 backward, forward, back-
ward, and then forward.

FIGS. 27 to 30 are diagrams illustrating specific examples
of cropping and extracting a partial region from an image
acquired by the image acquisition unit 120.

Referring to FIG. 27, during travelling, the moving robot
100 may detect an obstacle 2700, such as a human foot,
using the sensor unit 170. FIG. 27 shows an example in
which the obstacle 2700 is detected from the center in the
moving direction of the moving robot 100.

If the moving robot 100 detects the presence of the
obstacle 2700 during travelling, the image acquisition unit
230 captures an area forward of the moving robot 100 and
acquire an image 2800 including at least part of the obstacle
2700, as shown in (a) of FIG. 28.

The controller 140 may control the image acquisition unit
120 to extract a partial region 2810 from the acquired image
2800 in a direction from which the obstacle 2700 is detected
by the sensor unit 170.

Referring to FIGS. 27 and 28, when the obstacle 2700 is
detected from the front side of the body 110, the controller
140 may perform a control operation so as to extract a lower
center region 2810 from an image acquired by the image
acquisition unit.

Meanwhile, the controller 140 may use an extracted
image 2820, as shown in (b) of FIG. 28, as input data to
recognize an attribute of an obstacle.

Based on data that is pre-learned by machine learning, the
obstacle recognition module 144 may recognize that an
obstacle 2700 is a human foot. For example, a CNN, one of
deep learning structures, is embedded in the obstacle rec-
ognition module 144, and the pre-trained CNN may recog-
nize an attribute of an obstacle included in input data and
output a result of the recognition.

Meanwhile, if the detected obstacle is not an obstacle
which the moving robot 100 is able to go over, the driving
control module 141 may control the travel unit 160 to
perform avoidance driving, such as travelling after rotation.

Meanwhile, the extracted image 2820 may be stored in the
storage unit 150. In addition, the original image 2800
acquired by the image acquisition unit may be stored in the
storage unit 150 as well.

The extracted image 2820 stored in the storage unit 150
may be used as training data.

Meanwhile, when an obstacle is detected from the right
side of the front surface of the body 110, the controller 140
may perform a control operation so as to extract a lower
right region from the image acquired by the image acquisi-
tion unit 120. When an obstacle is detected from the left side
of the front surface of the body 110, the controller 140 may
perform a control operation so as to extract a lower left
region from the image acquired by the image acquisition
unit 120.

FIG. 29 shows an example in which the obstacle 2700 is
detected from the right side in a moving direction of the
moving robot 100.

Referring to (a) of FIG. 30, when the obstacle 2700 is
detected from the right side of the front surface of the body
110, the controller 140 may perform a control operation so
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as to extract a lower right region 3010 from an image 3000
acquired by the image acquisition unit 120.

As shown in (b) of FIG. 30, the controller 140 may use the
extracted image 3020 as input data to recognize an obstacle
attribute.

The present invention does not crop a center region of the
image to a predetermined size, but it is able to extract the
center, left, or right region from the image based on a
direction from which an obstacle is detected.

Accordingly, obstacles as many as possible may be
included in the input data used. A machine recognizes an
element accounting for the greatest portion of an image, and
thus, an obstacle attribute recognition rate may improve.

Meanwhile, the moving robot 100 travels on the floor in
a specific space, and thus, if a low region is extracted from
an acquired image, input data for recognition may include
more obstacles.

The sensor unit 170 according to an embodiment of the
present invention may include a first sensor disposed on the
front surface of the body 110 of the moving robot 100, and
second and third sensors spaced apart from the first sensor
in the left and right directions.

In this case, the first sensor may operate as a transmitting
part, and the second and third sensors may operate as
receiving parts. For example, the first sensor may send an
ultrasonic signal, and the second and third sensor may
receive a signal reflected by an object. Upon reception of the
signal reflected by the obstacle, it is possible to determine a
direction in which the obstacle exists and a distance to the
obstacle by using well known recognition methods using
ultrasonic waves.

For example, if a distance between a detected obstacle and
the second sensor is identical to a distance between the
detected obstacle and the third sensor, it is possible to
determine that the obstacle is detected from the center in the
front side of the moving robot 100.

In this case, a specific region may be extracted from a low
center part of an original image acquired by the image
acquisition unit 120.

Meanwhile, if a distance between a detected obstacle and
the second sensor is greater than a distance between the
detected obstacle and the third sensor, it is possible to
determine that the obstacle is detected on the right side of the
front surface of the moving robot 100.

In this case, a specific region may be extracted from a
lower right part of the original image acquired by the image
acquisition unit.

The controller 140 may perform a control operation so as
to shift and extract a target region from an image, acquired
by the image acquisition unit 120, in proportional to a
difference between the distance between a detected obstacle
and the second sensor and the distance between the detected
obstacle and the third sensor.

Meanwhile, the moving robot 100 according to an
embodiment of the present invention may perform a learning
process by using the extracted image as training data,
thereby enabled to constantly update the ANN and DNN
structures.

Alternatively, the moving robot 100 may transmit the
extracted image to a specific server and receive machine
learning-related data from the specific server. Then, the
moving robot 100 may update the obstacle recognition
module 144 based on the machine learning-related data
received from the specific server.
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FIGS. 31 and 32 shows examples in which an image
captured at a particular point in time is selected from among
images acquired by the image acquisition unit 120 and used
as obstacle recognition data.

FIG. 31 shows an example in which an obstacle 3100 is
detected from the front side of the moving robot 100.

Referring to FIG. 31, the image acquisition unit 120 may
keep capturing during travelling of the moving robot 100 to
acquire a plurality of images. The moving robot 100 may
acquire a first image 3111 at a first location 3110, a second
image 3121 at a second location 3120, and a third image
3131 at a third location 3130.

Referring to FIG. 32, a preset number of images may be
stored in the storage unit 150. In addition, if the preset
number of images is acquired, an image captured at the
earliest point in time may be deleted and a newly acquired
image may be stored.

The moving robot 100 may start recognizing an image in
accordance with a trigger signal caused by detection of an
ultrasonic signal.

However, an ultrasonic sensor using a trigger signal has a
short range, and thus, if the obstacle 3100 is detected and a
trigger signal is received, a feature of a recognized subject
may disappear from an acquired image 3131.

Thus, the present invention may store continuous images
in the storage unit 150, determine whether the moving robot
100 moves forward in straight, and use, if a trigger signal is
received, the first image 311 without using a third image
3131 so as to recognize an obstacle.

Usually, the moving robot 100 travels at a constant speed.
Thus, an obstacle may be recognized simply by determining
whether the moving robot 100 travels forward in straight and
then selecting an image captured at a particular point in time,
e.g., an image captured 2 frames earlier before the sensor
unit 170 detects the obstacle.

In addition, considering a detection range of the sensor
unit 170 and a speed of the obstacle recognition processing
by the sensor unit 170, it is possible to determine which
previous image captured how earlier than the detection time
of the sensor 170 is to be selected.

Meanwhile, in some embodiments, the entire image cap-
tured at a selected point in time is not used as input image
for obstacle recognition, but only a partial region from the
corresponding image is extracted and recognized, thereby
increasing a recognition rate.

According to an embodiment of the present invention, a
moving robot may determine an attribute of an obstacle and
adjust a driving pattern according to the attribute, thereby
enabled to perform an obstacle recognizing operation and an
avoidance driving operation at a high confidence.

In addition, according to at least one embodiment of the
present invention, it is possible to acquire image data which
increases accuracy of recognition of obstacle attribute.

In addition, according to at least one embodiment of the
present invention, there may be provided a moving robot and
a control method thereof, the moving robot which performs
operations, such as travelling forward, travelling backwards,
stopping, and making a detour, according to a result of
recognition of an obstacle, thereby enhance the moving
robot’s stability and user convenience and improving driv-
ing efficiency, and cleaning efficiency.

In addition, according to at least one embodiment of the
present invention, there may be provided a moving robot and
a control method thereof, the moving robot which is able to
accurately recognize an attribute of an obstacle based on
machine learning.
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In addition, according to at least one embodiment of the
present invention, a moving robot is able to perform
machine learning efficiently and extract data used for rec-
ognition of an obstacle attribute.

The moving robot according to the present invention is
not limited to the configuration and the method of the
aforementioned embodiments. Rather, the embodiments
may be selectively combined to each other partially or
wholly, for various modifications.

Meanwhile, the control method of a moving robot accord-
ing to an embodiment of the present invention may be
implemented as software in a processor-readable recording
medium included in the electronic device. The processor-
readable recording medium may include all types of record-
ing devices storing data readable by a processor. Examples
of the processor-readable recording medium may include a
ROM, a RAM, a CD-ROM, a magnetic tape, a floppy disk,
an optical data storage device, etc. In addition, the examples
include a carrier-wave type implementation such as a trans-
mission over the Internet. Furthermore, as the processor-
readable recording medium is distributed to a computer
system connected via a network, processor-readable code
can be saved and executed in a distributed manner.

Further, even though preferred embodiments of the pres-
ent invention have been illustrated and described, the pres-
ent invention is not restricted to a certain embodiment
described above, and various modifications and variations
can be made by those skilled in the art without departing
from the subject matter of the present invention as defined
by the claims. Furthermore, these modified embodiments
should not be understood separately from the spirit or scope
of the present invention

What is claimed is:
1. A moving robot comprising:
a travel unit configured to move a body;
an image acquisition unit configured to acquire a sur-
rounding image of the body;
a sensor unit having one or more sensors configured to
detect an obstacle while the body moves;
a controller configured to: upon detection of an obstacle
by the sensor unit, recognize an attribute of the obstacle
based on an image acquired by the image acquisition
unit, and control driving of the travel unit based on the
recognized attribute of the obstacle;
a sound output unit configured to: output preset sound
when the recognized attribute of the obstacle indicates
a movable obstacle; and
a storage unit configured to store a plurality of continuous
images acquired by the image acquisition unit;
wherein the controller is further configured to: upon
detection of an obstacle by the sensor unit,

based on a moving direction and a speed of the body,
select an image captured at a particular point in time
before the obstacle is detected by the sensor from
among the plurality of continuous images;

based on data that is pre-learned using machine learn-
ing, recognize an attribute of an obstacle included in
the image captured at the particular point in time.

2. The moving robot of claim 1, wherein the movable
obstacle is part of a human body or a pet.

3. The moving robot of claim 1, wherein the controller is
further configured to stop moving the body when the rec-
ognized attribute of the obstacle indicates a movable
obstacle.
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4. The moving robot of claim 3, wherein the controller is
further configured to resume previous movement when
movement of the movable object is detected within a par-
ticular standby time.

5. The moving robot of claim 3, wherein the controller is
further configured to perform avoidance driving with respect
to the movable object when movement of the movable
object is not detected within the particular standby time.

6. The moving robot of claim 3, wherein the controller is
further configured to control the body to move forward and
backward repeatedly within a predetermined distance range.

7. The moving robot of claim 1, wherein the controller is
further configured to perform a control operation so that
avoidance driving is performed in a different pattern based
on the recognized attribute of the obstacle.

8. The moving robot of claim 1, wherein the preset sound
is alert sound, or a message for guiding the movable obstacle
to move.

9. The moving robot of claim 1, wherein the controller
comprises:

an obstacle recognition module configured to recognize

an obstacle from an image, acquired by the image
acquisition unit, based on data that is pre-learned using
machine learning; and

a driving control module configured to control driving of

the travel unit based on an attribute of the obstacle.

10. The moving robot of claim 9, further comprising: a
communication unit configured to receive machine learning-
related data from a specific server,

wherein the object recognition module is updated based

on the machine learning-related data received from the
specific server.

11. The moving robot of claim 1, wherein the controller
is further configured to, when the moving speed is slower,
select an image captured at an earlier point in time before an
obstacle is detected by the sensor unit.

12. The moving robot of claim 1, wherein the controller
is configured to extract a partial region from an image
acquired by the image acquisition unit based on a direction
from which an object is detected by the sensor.

13. A control method of a moving robot, the method
comprising:

detecting, by a sensor unit, an obstacle while a body of the

moving robot moves;

upon detection of an obstacle by the sensor unit, recognize

an attribute of the obstacle based on an image acquired
by an image acquisition unit;

when the recognized attribute of the obstacle indicates a

movable obstacle, outputting preset sound; and
controlling driving of a travel unit based on the recog-
nized attribute of the obstacle,
wherein the recognizing of an attribute of the obstacle
comprises selecting an image captured at a particular
point in time before the obstacle is detected by the
sensor unit from among a plurality of continuous
images acquired by the image acquisition unit based on
a moving direction and a speed of the body, and

recognizing the attribute of the obstacle included in the
image captured at the particular point in time.

14. The control method of claim 13, wherein the movable
obstacle is part of a human body or a pet.

15. The control method of claim 13, further comprising:
stopping moving the body when the recognized attribute of
the obstacle indicates a movable obstacle.

16. The control method of claim 15, further comprising:
detecting whether the movable obstacle moves within a
particular standby time;
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wherein previous movement of the body before the stop-
ping is resumed when movement of the movable
obstacle is detected within the particular standby time.

17. The control method of claim 15, further comprising:

detecting whether the movable obstacle moves within a

particular standby time,

wherein, when movement of the movable obstacle is not

detected within the particular standby time, the con-
trolling of driving of the travel unit based on the
recognized attribute of the obstacle comprises control-
ling the travel unit to perform avoidance driving with
respect to the movable obstacle.

18. The moving robot of claim 17, wherein the controller
is further configured to: perform control operations com-
prising:

when the obstacle is detected from a forward right side of

the body, extracting a lower right part of the image
acquired by the image acquisition unit;

when the obstacle is detected from a forward left side of

the body, extracting a lower left part of the image
acquired by the image acquisition unit; and

when the obstacle is detected from a front side of the

body, extracting a lower center part of the image
acquired.
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